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ABSTRACT 
 
Unstable fracture of the proximal phalangeal bone of the finger is a common hand 
injury that requires surgical fixation. Intervention following surgery is aimed at 
decreasing impairments including pain, oedema, loss of range of motion and 
weakness, scar formation and deformity, as well as reducing activity limitations and 
participation restrictions. Despite this, many individuals are left with reduced range 
of finger motion and other impairments, affecting hand use and participation in work. 
The effect of baseline characteristics, timing of commencement of exercise and 
alternative interventions to decrease these impairments, activity limitations and 
participation restrictions is unknown. Therefore, the aim of the studies reported in 
this thesis is to explore factors that are associated with, and efficacy of intervention 
for, proximal phalangeal fracture following surgical fixation. 
 
Five studies were undertaken. Study 1 examined whether baseline characteristics are 
predictive of total active range of motion six weeks following surgical repair of 
proximal phalangeal fracture. Studies 2 and 3 compared efficacy of two exercise 
intervention protocols on short and medium-term outcome following open reduction 
and internal fixation (ORIF) of proximal phalangeal fracture. Study 4 investigated 
the pattern of recovery following proximal phalangeal ORIF and whether this 
recovery is related to adherence to rehabilitation. Study 5 examined whether baseline 
characteristics predict outcome at the impairment, activity limitation and 
participation restriction levels twelve weeks after ORIF of proximal phalangeal 
fracture. 
 
Outcomes were measured at the level of impairment, activity limitation and 
  ix 
participation restriction. Range of motion measured using goniometry (Studies 1, 2, 4 
and 5); perceived range of motion measured using questioning (Study 3); pain 
measured using the visual analogue scale (Studies 2, 4 and 5) and the pain 
component of the patient-rated wrist and hand evaluation (Studies 2, 3, 4 and 5); and 
strength measured using a hand dynamometer (Studies 2, 4 and 5) were measures of 
impairment. Hand use measured using the function component of the patient rated 
wrist and hand evaluation (Studies 2, 3, 4 and 5) was the measure of activity 
limitation. Difficulty with participation in everyday work was the measure of 
participation restriction (Studies 2, 3, 4).  
 
The results from Study 1 suggest that earlier commencement of active finger 
exercises following fixation of proximal phalangeal fracture independently predicts 
greater range of motion six weeks post-operatively. Studies 2 and 3 found that within 
the broader setting of intensive rehabilitation with early commencement of active 
range of motion finger exercises and close monitoring of exercise performance and 
frequency, type of exercise performed made no difference to outcome at the 
impairment, activity limitation and participation restriction level in either the short or 
medium-term following proximal phalangeal ORIF. Study 4 found that prior to 
commencement of rehabilitation, range of motion was poor, and few were able to 
return to their full employment duties, but pain on average was mild. Most of the 
recovery following fixation occurred in the first six weeks, with progressively 
smaller gains beyond that time, with excellent recovery achieved by six months. 
Study 5 found an association between resting pain in the first week following 
proximal phalangeal ORIF, and resting pain, pain with activity and hand use twelve 
weeks post-operatively. 
  x 
 
The findings of these studies suggest that early commencement of active exercise 
after fixation of proximal phalangeal fracture should be encouraged. Findings from 
Studies 2, 3 and 4 suggest that, although there was no difference in outcome between 
types of exercise, excellent results are possible following proximal phalangeal ORIF, 
with most recovery occurring within the first six weeks post-operatively. Although 
on the whole there is little pain following surgical fixation of this upper limb 
fracture, clinicians should routinely screen for baseline pain, and if an individual 
patient is reporting high levels of resting pain in the week following ORIF for 
proximal phalangeal fracture, intervention could be targeted at minimising pain and 
encouraging hand use.  
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CHAPTER 1 
INTRODUCTION 
 
RATIONALE OF THE PROJECT 
 
FRACTURES OF THE PROXIMAL PHALANX 
  Incidence 
 Aetiology 
 Intervention 
  Non-surgical intervention and subsequent rehabilitation 
Surgical intervention and subsequent rehabilitation 
 
CURRENT REHABILITATION FOLLOWING OPEN REDUCTION INTERNAL 
FIXATION OF FRACTURES OF THE PROXIMAL PHALANX. 
 
 Decreasing impairments 
Pain 
Oedema 
Loss of range of motion and weakness  
Scar formation  
Deformity 
Reducing activity limitations 
 Reducing participation restrictions 
 
RATIONALE FOR ALTERNATIVE INTERVENTION TO DECREASE 
IMPAIRMENTS, AND REDUCE ACTIVITY LIMITATIONS AND 
PARTICIPATION RESTRICTIONS  
 
 Tendon gliding exercises 
  2 
 MCP joint blocking orthosis 
 Synergistic wrist and finger motion 
 
OUTLINE OF THE THESIS 
 Aims 
 Significance 
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RATIONALE OF THE PROJECT 
Traumatic finger fracture is a common and often surprisingly disabling injury (De Jonge 
et al, 1994; Larsen et al, 2004; Salinas-Tovar et al, 2007; Feehan & Sheps, 2006) 
especially in unskilled workers and trades-people that rely on full hand function to carry 
out their employment. Finger fracture often involves the proximal phalanx and may affect 
the metacarpophalangeal joint (MCP), the proximal interphalangeal joint (PIP), or both 
joints of the same finger. Where there is residual and persisting scar formation and 
deformity (a common complication (Salinas-Tovar et al, 2007)), the injured person may 
find it difficult to return to their previous occupation. 
 
The effect of fracture of the phalanx bone of the finger can be analysed according to the 
International Classification of Functioning, Disability and Health, known as ICF (World 
Health Organisation, 2005). This classification provides a structure to consider the 
interactions between impairments, limitations to activity and restrictions to participation 
(Figure 1.1). In applying this classification to the health condition fracture of the phalanx 
bone of the finger, initial impairments include pain and oedema, which lead to other 
impairments such as loss of range of motion and weakness, which in turn can result in 
scar formation and deformity. These impairments lead to activity limitation, i.e., 
difficulty performing specific tasks including manipulating objects in small spaces, 
getting keys out of pockets, reaching strings or keys on instruments, manipulating small 
tools, which in turn result in restrictions to participation, such as work, hobbies and 
sports. 
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Figure 1.1: International Classification of Functioning (ICF) model applied to 
fracture of the phalangeal bone of the finger. (Adapted from the World Health 
Organization, International Classification of Functioning, Disability, and 
Health training materials, Geneva, 2002). 
 
Management of people with unstable, intra-articular, and/or displaced fractures consists 
of ORIF (with plate and/or screw fixation) followed by a period of hand therapy designed 
to restore range of motion. However, the nature of both the injury and subsequent surgery 
can result in loss of motion at the finger joints, particularly PIP extension, which is 
further exacerbated by adhesive scar formation surrounding the extensor tendon.  
 
 
 
Health Condition: 
Fracture of the Phalangeal Bone of the Finger 
 
  
2
 
Activity 
 
 
Activity Limitation: 
Difficulty doing tasks e.g. 
difficulty performing 
specific tasks including 
manipulating objects in 
small spaces, getting keys 
out of pockets, reaching 
strings or keys on 
instruments 
Participation 
 
 
Participation 
Restriction: 
Difficulty engaging in 
roles and activities e.g. 
cleaning, gardening, paid 
work, sport 
 
 
International Classification of Functioning (ICF) model applied to fracture of the phalangeal bone of 
the finger. (Adapted from the World Health Organization, International Classification of Functioning, 
Disability, and Health training m terials, Genev , 2002). http:/ / www3.who.int/ icf/ 
icftemplate.cfm?myurl=homepage.html &mytitle=Home%20Page. 
 
Harris et al. Health and Quality of Life Outcomes 2005 3:73   doi:10.1186/1477-7525-3-73 
 
 
Environmental 
Factors 
 
Personal 
Factors  
 
Contextual Factors 
Body Function/ 
Structure 
 
Impairment: 
Deficit in anatomical 
structures or physiology 
e.g. pain, oedema, loss of 
range of motion, 
weakness, scar formation 
and deformity. 
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Therapy during the period immediately following ORIF consists of active tendon gliding 
exercises for the fingers (Wehbe, 1987) with the wrist held in a neutral position. These 
involve motion of the fingers from the fully extended position to three different positions 
(hook, fist, and straight fist). Radiographic evidence indicates that these three positions 
provide maximum differential glide between flexor digitorum profundus and flexor 
digitorum superficialis tendon. They are also believed to promote maximum range of 
motion at each finger joint, and gliding of the extensor and intrinsic muscles (Wehbe, 
1987; Freeland et al, 2003). These tendon gliding exercises are usually performed to the 
point of pain onset and conducted in repeated sets of 5 to 10 repetitions, regularly 
undertaken throughout the day. 
 
There is evidence that, in the presence of post-surgical oedema in the region of the 
proximal phalanx, the excursion of the extensor mechanism occurs almost exclusively at 
the more mobile MCP proximal to the injury, causing hyperextension of this joint, rather 
than affecting extension across all three joints in the finger (Evans & Thompson, 1992). 
Over time this can lead to the development of a pseudo-claw deformity (Freeland et al, 
2003) and eventually a fixed flexion deformity at the PIP joint (Figure 1.2).  
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Figure 1.2: Pseudo-claw deformity of ring finger following proximal 
phalangeal ORIF. 
 
In two studies with long and medium-term follow-up respectively after proximal 
phalangeal ORIF, extension deficit for the PIP was significant. In one, the average 
extension deficit for the PIP was 27 degrees (Horton et al 2003), whilst in the other, 
extension deficit > 35 degrees persisted in 38% of injured fingers (Page & Stern 1998). 
This deficit represents approximately one-third of total motion in an uninjured PIP, a 
significant limitation to achieving optimal prehension. 
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It is suspected that the formation of scar tissue adhesions impedes tendon 
excursion/gliding, leading to a reduction in range of motion over time. It is unknown 
whether this range of motion could be affected by type of exercise following fracture of 
the proximal phalanx bone of the finger, and this will be explored in this thesis. As an 
alternative to tendon gliding exercises, synergistic wrist and finger motion, in which the 
wrist moves into flexion while the fingers move into extension (and vice versa) has been 
shown to produce greater tendon excursions (Lieber et al, 1999; Zhao et al, 2002). This 
synergistic motion also harnesses the passive tenodesis effect and utilises normal motor 
patterns (Johanson et al, 1990). Further, constraining mobile proximal joints with 
orthoses or casts in order to direct and focus tendon force toward stiffer distal joints has 
been found to improve range of motion and correct abnormal movement patterns 
(Freeland et al, 2003; Colditz, 2000). Therefore, performing synergistic wrist and finger 
exercises within the constraints of a removable MCP blocking orthosis harnesses high 
tendon excursion and focuses it toward the PIP. This combined approach may be more 
effective and expedient in achieving range of motion and full finger extension than 
unconstrained finger tendon gliding exercises. No study has compared these two 
approaches following ORIF of the proximal phalanx, so evidence for efficacy is lacking, 
however there is reasonable construct validity in the combined approach and clinical 
experience in its support. 
 
This thesis explores factors that are associated with, and efficacy of intervention for, 
finger proximal phalangeal fracture following ORIF. 
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FRACTURES OF THE PROXIMAL PHALANX 
Incidence 
Hand injuries are a burden to society. They make up over a quarter of all unintentional 
injuries treated at emergency departments (Larsen et al, 2004). In Australia, injuries to 
the hand and wrist are the most common work related injuries resulting in approximately 
8400 admissions to hospital each year (Driscoll et al 2008). Fracture of the phalanx bone 
of the finger is a type of hand injury that represents up to 3% of emergency department 
admissions (De Jonge et al, 1994) and accounts for over half of all hand fractures (Feehan 
et al, 2006). Although not as common as distal phalangeal fractures (Day & Stern, 2011), 
proximal phalangeal fractures represent a significant proportion of hand injuries. On 
average, men are affected 2.5 times as often as women (De Jonge et al, 1994; Kurzen et 
al, 2006; Nalbantoglu et al, 2009). 
 
Aetiology 
Fracture of the proximal phalanx is usually the result of a traumatic blow or crush to the 
finger, with sports injury, workplace accidents involving machinery, and accidental falls 
being the leading causes (De Jonge et al, 1994; Sahin et al, 2004; Nalbantoglu et al, 
2009).  
 
A 23 year retrospective review of Emergency Department admissions in a Dutch trauma 
hospital found the main causes of phalangeal fracture to be sports related injury; 
machinery related; accidental fall; transport accident; cutting object; and compression 
(De Jonge et al, 1994). When looking at both sexes together, sport-related injury was the 
most common cause, particularly in adolescents (43%), and in the third (28%) and fourth 
(22%) decades of life. When males were reviewed separately however, a large 
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contribution of work-related machinery injuries was found (27% of phalangeal fractures) 
between 40 and 60 years of age. A more recent but smaller retrospective review in a 
Turkish hospital also reported similar leading causes, however it found workplace 
accidents (29%) were the most prevalent cause overall (Sahin et al, 2004). Their six-year 
retrospective review of 62 patients found falls (11%) and sports injuries (3%) to be less 
prevalent causes. 
 
Intervention 
Intervention following finger proximal phalangeal fracture is a two-step process. The 
first step is to promote bone healing in the most normal (pre-injury) alignment and can 
include either non-surgical techniques (for undisplaced/stable fractures that do not need 
to be realigned or “reduced”), or invasive surgical fixation (for displaced/unstable 
fractures that need to be realigned). Surgical fixation can be performed using either 
closed or open reduction and internal fixation.  
 
The second step is to promote graded return to pre-injury activity/function via 
rehabilitation while bone healing is occurring, rather than after the bone has fully united. 
This early intervention is designed to negate the need for lengthy and often ineffective 
attempts to regain range of motion, hand use and function later on, when scarring and 
secondary deformity of the soft tissues surrounding the fracture have become almost as 
rigid as the bony union itself. The form that this rehabilitation takes is dependent on 
whether non-surgical or surgical intervention is chosen to promote bone healing, and if 
surgical, what type of fixation method is chosen. 
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Figure 1.3: Intervention following fracture of the proximal phalangeal bone of 
the finger.  
 
Non-surgical intervention and subsequent rehabilitation 
 
To select the appropriate intervention to promote fracture healing, assessment of the 
fracture is undertaken to establish whether the broken bone is likely to heal with normal 
(pre-injury) or near normal alignment, or not. Phalangeal fractures can be treated using 
non-surgical intervention if they are un-displaced (normally aligned) or minimally 
displaced (minimally mal-aligned), and stable (unlikely to change alignment) (Stern 
2005; Freeland et al, 2006). Un-displaced fractures are those where the normal contour of 
the bone is not distorted and the fracture ends are approximated (Hardy, 2004). 
Intervention: 
Step 2
Intervention: 
Step 1
Assessment
Injury Fracture proximal phalanx
Undisplaced/Minimally 
displaced and Stable
Non-surgical Intervention
Cast or orthosis
Rehabilitation
Displaced and Unstable
Surgical Intervention
Closed Reduction Internal 
Fixation
(CRIF)
Rehabilitation following 
CRIF
Open Reduction Internal 
Fixation (ORIF)
Rehabilitation following 
ORIF
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Minimally displaced fractures are those where the fracture ends are not quite 
approximated, and have one or more of the following changes on X-ray: <15 degrees 
volar angulation; <10 degrees of ulnar or radial deviation; <4mm of shortening; or 
clinically <5 degrees of rotation (Freeland et al, 2003). Stable fractures will maintain 
their position at rest and will not lose the proper approximation of fracture ends with 
inherent muscle tension or when controlled motion is initiated (Hardy, 2004). In the 
proximal phalangeal bone, fracture types such as transverse and short oblique 
configurations are usually stable, and the most appropriate initial treatment to facilitate 
bony healing are non-surgical methods of support like plaster casts or orthoses worn for 
two to three weeks (Hardy, 2004). Rehabilitation for fractures treated with non-surgical 
intervention includes active motion exercises, either within the cast/orthosis, or out of the 
cast/orthosis for short sessions during this period, as well as education, oedema control 
techniques and graded return to activity (Freeland et al, 2003). 
 
Surgical intervention and subsequent rehabilitation 
Phalangeal fractures are treated with surgical fixation procedures if they are displaced 
(mal-aligned) and/or unstable (likely to further lose position) (Hardy, 2004). A displaced 
fracture is one in which the bone has lost its normal anatomical contour due to separation 
(Hardy, 2004) (Figure 1.4). Displaced proximal phalangeal fractures are most commonly 
those with a volar apex >15 degrees. This predictable direction of angulation is due to the 
combined effect of the insertion of the interossei pulling the base of the bone in a volar 
direction and the extensor expansion pulling the distal fragment dorsally (Black et al, 
1986). Displacement is also not tolerated if it is > 10 degrees in the coronal plane 
(deviated) or >5 degrees in the axial plane (rotated), the latter of which will result in 
overlapping fingers with gripping if uncorrected. Reduction is the process whereby the 
  12 
fracture ends are realigned (Hardy, 2004) to allow healing to occur without malalignment 
or residual deformity. An unstable fracture is one that will not maintain reduction, as 
displacement recurs despite immobilization. These typically include open, comminuted, 
long oblique, spiral, and condylar fractures, or fractures with articular fragments greater 
than 30% or incongruity greater than 2 mm (Freeland et al, 2001). To regain stability of 
these fractures following reduction, support is required from fixation devices (Hardy, 
2004; Stern, 2005; Freeland et al, 2003; Horton et al, 2003). 
 
 
Figure 1.4: Computed tomography image of a displaced fracture of the 
proximal phalangeal bone of the finger. 
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Surgical reduction and stabilisation can be achieved by either closed reduction and 
internal fixation (CRIF), or ORIF. CRIF uses coaptive devices to hold the fracture ends 
together without inter-fragmentary compression (Hardy et al, 2004; Barton, 1984), acting 
as “internal reduction splints” (Freeland et al, 2003). Healing occurs by secondary callous 
formation. In this way, coaptive devices bring about alignment, but they do not control 
for rotation stresses, nor do they impart any internal strength to the fracture (Hardy, 
2004). Kirshner wires (K-wires) are the most commonly used coaptive device and are 
usually inserted transcutaneously across the fracture site. This type of fixation is best 
suited to displaced transverse and short oblique extra-articular fractures (Freeland and 
Orbay, 2006). One of the purported advantages of this minimally invasive surgery using 
CRIF with K-wires is that it is relatively atraumatic in comparison to open operative 
procedures (Freeland and Orbay, 2006). It has been suggested that due to this, K-wire 
fixation may be accompanied by less risk of periosteal injury, fragment devascularisation 
and expansion of the zone of injury, and therefore theoretically less adherent scar 
formation (Barton, 1984; Perren et al, 2002).  
 
Rehabilitation for proximal phalangeal fractures treated with CRIF includes protection 
using a removable orthosis, pin-site care, education, oedema control techniques and 
active motion. Active motion is often impeded, however, due to pin site irritation, 
migration, infection and/or direct skewering or “transfixing” the adjacent extensor 
mechanism to the bone (Barton, 1984). This was exemplified in a randomised controlled 
trial comparing proximal phalangeal ORIF to CRIF. Horton et al (2003) were forced to 
alter the post-operative rehabilitation for their CRIF group from active range of motion to 
immobilisation mid-way through the trial, citing “concerns regarding the stability of the 
fracture and pin site infections” when participants undertook active range of motion while 
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the K-wire/s were in situ. Even in the absence of infection or skewering, patients often 
find protruding K-wire ends and their associated skin drag with movement visually off-
putting and painful, and this can limit their compliance to active motion as part of their 
rehabilitation. 
 
ORIF uses rigid devices that immobilise and compress the fracture fragments (Hardy et 
al, 2004; Horton et al, 2003), promoting primary fracture healing. In this way, rigid 
devices bring about alignment, control for deforming angular or rotational stresses and 
shortening (Horton et al, 2003), and impart internal strength to the fracture. Mini plates 
and screws are the most commonly used rigid devices and are fitted during open 
reduction. This type of fixation is required for unstable displaced spiral and long oblique 
fractures (Horton et al, 2003); multiple or rotated fractures (Stern, 2005); and displaced 
intra-articular fractures.  
 
Rehabilitation following ORIF of proximal phalangeal fractures includes strategies to 
decrease pain, oedema, loss of range of motion, weakness, scar formation and deformity 
(Figure 1.5).  
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Figure 1.5: Inter-relationships between impairments, activity limitations and 
participation restrictions following proximal phalangeal ORIF. 
 
One of the advantages of ORIF (compared to non-surgical intervention or CRIF) is that, 
due to the internal strength imparted by the rigid device, minimal external support is 
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required during rehabilitation, allowing early free mobilisation. ORIF also avoids the risk 
of the device directly skewering or “transfixing” the adjacent extensor mechanism to the 
bone, avoiding any scar adhesion formation/deformity that might occur secondary to this 
(Horton et al, 2003). There are disadvantages of this intervention however, and 
rehabilitation following ORIF of proximal phalangeal fractures is targeted at minimising 
these. One of these disadvantages is that the implant may interfere with the excursion of 
the dorsal extensor apparatus (Kurzen et al, 2006). The thickness and maladaptation of 
the material used in open reduction and plate or screw fixation may particularly prevent 
the excursion or gliding movement of the tendons during attempts at range of motion 
exercises. Additionally, the soft tissue dissection that is necessary for open reduction is a 
further injury that may lead to scar formation with adhesion of tendons or delayed 
union/non-union due to circulation problems (Page and Stern, 1998; Freeland and Orbay, 
2006; Kurzen et al, 2006). Traditionally, proximal phalangeal fractures have been 
approached through a dorsal incision (Lanz, 1999), with the extensor tendon apparatus 
sustaining direct injury when being divided in the midline to access and internally fix the 
bony fracture. This longitudinal laceration to the extensor tendon may further contribute 
to tethering from scar tissue formation, impeding motion and leading to weakness. 
Rehabilitation following ORIF of proximal phalangeal fractures will be the focus of this 
thesis. 
 
CURRENT REHABILITATION FOLLOWING OPEN REDUCTION AND 
INTERNAL FIXATION OF FRACTURES OF THE PROXIMAL PHALANX 
 
Decreasing impairments 
Pain 
Analgesics are commonly used in the initial post-operative period to prevent pain 
following ORIF of fractures of the proximal phalanx. In a telephone survey of 250 
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patients following elective upper limb surgery, 92% reported the opioids provided for 
post-operative use provided adequate pain control. However the same study also found 
that an excess of opioid analgesics is commonly provided. Over half of those interviewed 
reported taking the opioids for less than two days, with an average of only 10 pills (out of 
the provided 30 pills) being taken. Whilst it was reported that patients undergoing bone 
procedures required more opioid pills (14 pills) to control pain compared with patients 
undergoing soft tissue procedures (9 pills), it is not specifically known how much pain 
medication is required following ORIF of the proximal phalangeal bone (Rodgers et al, 
2012).  
 
Ice therapy and other modalities are also used following ORIF of fractures of the 
proximal phalanx to reduce pain. In a randomised controlled trial involving 83 
participants, Cheing et al (2005) found a combination of 30 minutes of ice and pulsed 
electromagnetic field over five consecutive days to be more effective at reducing pain 
(measured on a visual analogue scale) than either ice and sham or real pulsed 
electromagnetic field alone following distal radius fracture. Although small, the reduction 
in VAS score over the initial five days was significantly greater for the ice and pulsed 
electromagnetic field group (1.8 cm, SD 0.8) than for the groups using the alternative 
options (1.2 cm, SD 0.8 vs 1.0 cm, SD 0.8 vs 0.7 cm, SD 0.6) (p= 0.001). It is not 
specifically known whether ice or other modalities following ORIF of the proximal 
phalanx are effective at preventing pain. 
 
Oedema 
Following fracture of the proximal phalanx of the finger, haematoma infiltrates the zone 
of injury, inciting a proliferative response experienced by the injured person as painful 
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inflammation (Steward et al, 2004). Histamine and other substances are released, causing 
an increased capillary permeability that results in abnormal leakage of fluid from the 
capillaries into the extracellular (interstitial) spaces. This expansion in the volume of fluid 
in the extracellular spaces is oedema (Guyton, 1997). Up to 89% of all people with hand 
injuries develop clinically apparent oedema (Stanley et al, 1998).  
 
To combat oedema following proximal phalangeal ORIF, strategies include elevation, 
early active motion, lymphatic massage, compression taping or garments, and patient 
education about oedema and the importance of complying with oedema minimisation 
strategies to maximise their effect. In specialised hand units, the majority of therapists 
(89%) use strategies to prevent and/or reduce oedema (Stanley et al, 1998). 
 
Elevation involves supporting the injured limb above the level of the heart and is 
routinely encouraged following proximal phalangeal ORIF, particularly in the 
inflammatory (acute) phase. It uses gravity to assist lymphatic and venous flow away 
from the injured hand. This can be via use of a sling when walking, or resting on pillows 
when seated or supine. Whilst it is known that elevation will decrease the intravascular 
pressure and capillary filtration pressure (Ganong, 2001) and therefore minimise the 
accumulation of interstitial fluid in an elevated limb, evidence regarding efficacy 
following hand surgery is limited and contradictory. In 2004, Fagan et al completed a 
randomised controlled trial using hand volumetry to compare effectiveness of elevation 
versus no elevation following carpal tunnel release, a relatively minor elective procedure. 
They demonstrated no effect of elevation on mean increase in volume of the hand post-
operatively (11 ml, 95% CI 4 to 17) compared to no elevation (13 ml, 95% CI 4 to 21). 
However another single-blinded randomised trial including 29 participants with fractures 
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of the distal radius found a combination of therapies including elevation above the heart 
to be as effective as manual oedema mobilisation, a particular type of massage, on 
controlling volume of oedema at 1, 3, 6, 9, and 26 weeks post injury (Knygsand-
Roenhoej and Maribo, 2011). The effect of elevation specifically following proximal 
phalangeal ORIF is not known. 
 
Early active motion is also used following proximal phalangeal ORIF to promote soft 
tissue motion and venous return and lymphatic drainage via muscle contraction (Hardy, 
2004; Sorenson, 1989). Active movement in the proximal joints of the arm as well as the 
hand is also used to reduce both stiffness and oedema (Steward et al, 2004) and “prevent 
stagnation of tissue fluids that can result from lack of use” (Villeco, 2011). To 
incorporate elevation and active motion of the digits and shoulders following hand injury, 
elevation of both arms over the head whilst making fists at least 25 repetitions each hour 
has been recommended (Mackin, 1986). Knygsand-Roenhoej & Maribo (2011) found a 
combination of therapies, one of which was practice of hand activities (solitaire and stick 
squeezing), to be as effective as manual oedema mobilisation on controlling volume of 
oedema. The effectiveness of this specifically following proximal phalangeal ORIF is 
unknown. 
 
Another strategy used to minimise oedema following proximal phalangeal ORIF is 
massage, which involves the use of finger strokes over the skin in the area of oedema 
toward the heart. It should start and end proximally (Villeco, 2011) to ensure the 
lymphatic path is clear to allow distal oedema to be transferred proximally. It is 
recommended that each skin area be massaged a minimum of 5 to 10 times, with each 
stroke performed slowly allowing for refilling and emptying of the lymphatic vessels 
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(Weissleder & Schuchhardt, 2001). Only minimal pressure is needed, with pressure 
greater than 60 mm Hg causing occlusion (Eliska & Eliskova, 1995). Lymphatic massage 
has been reported to increase the frequency of lymphatic vessel contraction, mobilised 
tissue fluid and increase lymphatic flow (Steward et al, 2004). One randomised trial 
including 26 participants found standard therapy and massage to be significantly more 
effective at reducing oedema at both 3 days (25 ml, 95% CI 1 to 50) and 17 days (23 ml, 
95% CI 2 to 43) following removal of external fixation for fractures of the distal radius 
compared to standard therapy alone (Haren et al, 2000). However in contrast, a more 
recent randomised trial including 29 participants with fracture distal radius found no 
significant difference between groups when comparing modified manual oedema 
mobilisation with standard therapy on volume of oedema at 1, 3, 6, 9, and 26 weeks post 
injury (Knygsand-Roenhoej and Maribo, 2011). Effectiveness specifically following 
proximal phalangeal ORIF is not known. 
 
Compression taping or garments are also used following proximal phalangeal ORIF to 
minimise oedema by limiting the amount of space available for swelling to accumulate 
(Prentice, 1994); reinforcing tissue hydrostatic pressure and facilitating venous and 
lymphatic flow (Villeco, 2011). Soft finger wraps, lycra stalls, thin neoprene tubes or 
self-adherent tapes such as Coban (3M, St. Paul, Minnesota) can all be used to provide 
gentle pressure to an injured digit and area applied distal to proximal. Wraps can be 
applied in an overlapping spiral or wider wraps can apply one layer around the finger and 
be pinched. Patients must be instructed to carefully monitor the finger for circulation. A 
randomised trial found the use of pressure garments, in combination with other therapies, 
to be as effective as modified manual oedema mobilisation on volume of oedema at 1, 3, 
6, 9, and 26 weeks post fracture of the distal radius (Knygsand-Roenhoej and Maribo, 
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2011). Compression in this study was provided by Coban tape (3M, St. Paul, Minnesota) 
and a Flowtron intermittent compression system (Huntleigh Technology plc, Luton, UK) 
with three chambers used for 20 minutes to decrease hand/arm oedema during the day, as 
well as an Isotoner open-finger glove (North Coast Medical, Gilroy, CA, USA) providing 
compression between 25 and 35 mm Hg overnight. Another study of only a single case 
has also reported favourable effects, finding Coban (3M, St. Paul, Minnesota) to be more 
effective than standard dressings at reducing oedema following hand burns (Lowell, 
2003). There is no evidence regarding the efficacy of pressure garments or wraps 
specifically following proximal phalangeal ORIF.  
 
Education about oedema and how to minimise it is provided at the initial appointment. 
After massage the dispersal of oedema is maintained by compliance with elevation, 
pressure garments and exercise (Palmada et al, 1999; Sorenson, 1989). Following ORIF 
of a proximal phalanx fracture, persistent oedema can be a major cause of dissatisfaction, 
with greater than 60% of patients in a recent retrospective review citing it as a problem 
(Nalbantoglu et al, 2009). They are reluctant to move the finger due to the pain and 
stiffness that results, and a cycle of pain, oedema and reduced range of motion can 
become established. The effectiveness of education on strategies to minimise oedema is 
unknown following hand injuries, including proximal phalangeal ORIF. 
 
Loss of range of motion and weakness 
Finger exercises are the main strategy used to minimise loss range of motion and 
weakness following ORIF of fractures of the proximal phalanx (Freeland and Orbay, 
2006; Hardy, 2004; Freeland et al, 2003; Horton et al, 2003; Nalbantoglu et al, 2009) as 
well as to minimise scar formation. 
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Initially exercises are commenced without resistance, although the most effective 
intensity and frequency of finger exercise following proximal phalangeal fracture ORIF 
are not known. Up to hourly repetition of finger exercises has been recommended (Hardy, 
2004; Freeland & Orbay, 2006) with the patient encouraged to rest in a positioning 
orthosis between sets. Freeland and Orbay (2006) suggest that intensity and frequency 
should be guided by “soft tissue response, fracture stability, and the patient’s pain 
tolerance” and should “stop short of generating additional inflammatory or fibroblastic 
response”.  
 
To minimise weakness, strengthening with light resistance and conditioning exercises are 
gently and progressively phased into the rehabilitation six weeks after surgery (Freeland 
et al 2003; Nalbantoglu et al, 2009). Unrestricted return to sports and heavy work is 
delayed until after ten to twelve weeks (Nalbantoglu et al, 2009) to ensure adequate 
fracture strength has been regained following proximal phalangeal ORIF. Despite these 
strategies, weakness and a loss of dexterity are common following proximal phalangeal 
ORIF (Wehbe, 1987). This is even more pronounced in phalangeal fracture compared to 
metacarpal fracture, with the average reduction in grip strength compared with the 
contralateral side being significantly higher in patients with the former than in patients 
with the latter (mean −11%, SD 20 vs −3%, SD 10, p<0.05) (Trevison et al, 2006). 
 
Over time, if range of motion is lost and weakness persists following proximal 
phalangeal ORIF, further surgical intervention can be used to attempt to free dynamic 
structures from motion limiting adhesions. The loss of tendon excursion or “gliding” and 
subsequent reduction in active and passive motion in the finger has been described as 
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“almost always irretrievable” (Freeland et al, 2003). Efficacy of surgery, including 
extensor and flexor tenolyses, with or without capsulotomy to correct it, is poor. For 
example, Page and Stern (1998) found that only one of the eight phalangeal fractures that 
underwent a second operation demonstrated gains in range of motion post-operatively. 
Similarly, Kurzen et al (2006) reported only a limited effect of 37 degree improvement in 
total active range of motion across all joints of the finger for patients following tenolysis 
surgery.  
 
Scar formation 
The haematoma and oedema caused by the initial injury are further exacerbated by 
surgical laceration to the cutaneous and deeper structures in those proximal phalangeal 
fractures requiring ORIF. Therefore minimisation of scar formation includes both: 
 Strategies to minimise the risk of excessive scar formation for the cutaneous 
structures: 
o controlling variables that could lead to delayed wound healing  
o scar massage  
o pressure therapy 
o silicone gel sheeting 
o paper tape  
 Strategies to minimise the formation of motion limiting scar adhesions 
between deeper structures: 
o early range of motion exercises 
 
Strategies following proximal phalangeal ORIF to minimise the risk of excessive scar 
formation for the cutaneous structures include minimising the risk of infection. Using an 
  24 
aseptic technique to apply appropriate dressings that maintain a moist wound 
environment, and so prevent wound dehydration, will help to control variables that could 
lead to infection, exaggerated inflammation or wound dehydration, reducing the risk of 
fibrosis and hypertrophic scarring (Wiseman et al, 1992). If infection, exaggerated 
inflammation or wound dehydration are not prevented, delayed wound healing can occur. 
Delayed wound healing (beyond 21 days) increases the risk of hypertrophic or excessive 
scarring (Deitch et al, 1983). However, it is unknown what effect these strategies have on 
minimising scar formation in the hand, and specifically following proximal phalangeal 
ORIF.  
 
Another strategy used following proximal phalangeal ORIF to minimise the risk of 
excessive scar formation of the cutaneous structures is massage. This involves small 
circular motions using fingertips over the newly formed scar to provide gentle 
mechanical force to assist with remodelling and to limit the amount of adhesion between 
the new scar and the underlying tendon and other soft tissues. Although evidence for the 
efficacy of scar massage is limited, it appears favourable. In a systematic review 
encompassing 144 patients who had received scar massage, 46% experienced clinical 
improvement on Patient and Observer Scar Assessment Scale (POSAS) and Visual 
Severity Scale (VSS), range of motion, pruritus, pain, mood, depression, or anxiety. Of 
the 30 surgical scars treated with massage 27 (90%) had improved appearance or POSAS 
score, although the exact size of the effect was not reported (Shin and Bordeaux, 2011). 
Frequency and duration of massage differed from 10 minutes twice a day to 30 minutes 
twice a week. In a randomised trial including 30 post-operative patients with facial scars, 
Bianchi et al (2010) found scar massage for 10 minutes per day to be as effective as 
silicone gel at improving POSAS scores. Roh et al (2007) also reviewed scar massage in 
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a randomised controlled trial involving 35 burn survivors and found massage 10 minutes 
daily to be more effective than standard therapy without massage on the scar VSS scores. 
No studies have directly assessed the efficacy of scar massage following proximal 
phalangeal ORIF. 
 
Pressure therapy is also used to minimise the risk of excessive scar formation for the 
cutaneous structures following proximal phalangeal ORIF, as well as to act to thin and 
increase the pliability of any hypertrophic scars that may have developed. It includes use 
of garments and wraps similar to those previously described to minimise oedema. 
Pressure therapy is used for up to 23 hours per day with burn scars, and the amount of 
pressure recommended is between 24-40mmHg (Bloemen et al, 2009). Although there is 
widespread clinical use of this strategy, evidence regarding efficacy is conflicting. Meta-
analysis from a systematic review of 316 high quality trials found that whilst pressure 
garments for the prevention of abnormal scarring after burn injury significantly reduced 
the height of scars (-0.31 cm; 95% CI -0.63 to 0.00) there was no significant difference 
between those treated with pressure garment therapy and control scars when assessing 
global outcomes (-0.5 points out of 10; 95% CI -1.1 to 0.2) (Anzarut et al, 2009). 
However, a pilot randomised trial performed since then including 22 participants with 
hypertrophic burn scars demonstrated that pressure alone was as effective as pressure 
garments and silicone gel sheeting on minimising VSS scores (Harte et al, 2009). No 
evidence exists regarding the efficacy of pressure therapy on cutaneous scarring 
following proximal phalangeal ORIF. 
 
Silicone gel sheeting applied topically over the scar is another strategy used to minimise 
the risk of excessive scar formation for the cutaneous structures following proximal 
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phalangeal ORIF. Gel sheets impregnated with silicone are applied over the scar and can 
be affixed with tape or a compression bandage. Whilst the mechanism for its effect is 
unknown (Katz, 1992), a systematic review published in the Cochrane Database 
including meta-analysis of 15 trials (9 randomised) involving 615 participants found that 
silicone gel sheeting reduced the incidence of hypertrophic scarring in people prone to 
scarring (RR 0.46, 95% CI 0.21 to 0.98), and also reduced scar thickness (RR -1.99, 95% 
CI -2.13 to -1.85) and resulted in significant improvement in scar erythema (RR 3.05, 
95% CI 1.57 to 5.96) in already established hypertrophic scars (O'Brien and Pandit, 
2008). Whilst trials have found silicone gel sheeting minimises hypertrophic scar 
formation on other post-surgical scars (Chan et al, 2005; Cruz-Korchin, 1996), and in 
combination with massage, minimises hypertrophic scar formation more than massage 
alone on burn scars (Li-Tsang et al, 2006), it’s effectiveness following proximal 
phalangeal fracture is unknown. Although silicone gel sheeting can be worn for up to 23 
hours per day, in a case series of 36 chronic and 14 acute hypertrophic and keloid scars, 
Katz (1992) found that 12 hours per day for six months was adequate to improve 56% of 
chronic scars and prevent 79% of recurrence of acute hypertrophic scars. In clinical 
practise, patients are encouraged to wear a silicone gel sheet only overnight, to ensure 
that its bulk does not limit their range of active motion during waking hours, although the 
most appropriate wear regime specifically following proximal phalangeal ORIF has not 
been investigated. 
 
Paper tape can also be applied longitudinally over the length of the scar to minimise the 
risk of excessive scar formation for the cutaneous structures following proximal 
phalangeal ORIF. This strategy can be commenced as soon as the wound has 
epithelialised. In a comparison trial including 129 participants, Niessen et al (1998) found 
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the paper taping (Micropore TM) used as the control was as effective as both silicone gel 
sheeting and silicone gel cream in the prevention of hypertrophic scarring following 
breast reduction, although these results were questionable as there was a 23% loss to 
follow-up in this trial, and the authors did not report using an intention to treat analysis. 
Another randomised trial including 70 participants found paper tape to be more effective 
than no intervention at reducing the volume of caesarean scars, although they also 
reported a large loss to follow-up (44%) (Atkinson et al, 2005). 
 
Whilst scar massage, controlling variables that could lead to delayed wound healing, 
pressure therapy, silicone gel sheeting, and paper tape are aimed at minimising the risk of 
excessive cutaneous scar formation, a different approach is used to minimise the 
formation of motion limiting scar adhesions between deeper structures following ORIF of 
proximal phalangeal fracture. This is because strategies aimed at minimising the risk of 
excessive cutaneous scar formation do not adequately target the deeper structures. 
Although surgical technique for proximal phalangeal ORIF usually includes careful 
repair of the periosteum over the plate to provide a gliding surface for overlying tendons, 
when the original paratenon tissue between the tendon and bone is destroyed or 
denatured, it is replaced by non-specialised scar tissue that joins tendon to bone directly 
by dense collagen fibres (adhesions) (Brand et al, 1987; Freeland et al, 2003). This scar 
tissue limits the gliding or excursion of the tendon (Freeland et al, 2003; Brand et al 
1987)(Figure 1.6), which in turn limits the muscle-tendon unit’s ability to transmit force 
to joints that are distal to the adhesion site, and active motion of the finger is reduced. 
Therefore, to minimise the formation of motion limiting adhesions between deeper 
structures (including tendons, paratenon, fixation metalwork, healing bone, and 
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periosteum), movement of the tendons relative to the bone is required. Early range of 
motion exercises are the main strategy used to achieve this.  
 
 
Figure 1.6: Adhesions adjacent to proximal phalanx fracture ‘Extensor 
tendon adhesions (arrow 1), flexor tendon adhesions (arrow 2), or both may 
form adjacent to a proximal phalanx fracture’ (From: Freeland et al, 2003) 
 
One type of early range of motion exercise for the injured finger called “tendon gliding 
exercises” has been recommended following proximal phalangeal ORIF (Freeland and 
Orbay, 2006; Freeland et al, 2003) and is routinely used in clinical practice. These 
exercises involve motion of the fingers from the fully extended position to three different 
positions (hook, fist, and straight fist). Radiographic evidence indicates that these three 
positions provide maximum differential glide between the two flexor tendons; maximum 
glide of flexor digitorum profundus (FDP) tendon; and maximum glide of flexor 
digitorum superficialis (FDS) tendons respectively. They also promote maximum range 
of motion at each finger joint, and gliding of the extensor and intrinsic muscles (Wehbe, 
1987; Freeland et al, 2006). Although flexor tendon glide has been shown to increase, 
both with increased effort and with wrist motion during tendon gliding exercises (Wehbe, 
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1985), in clinical practise they are performed with the wrist in a neutral posture. In 
clinical practice, a fourth position, “intrinsic positive position”, is often added to the 
original tendon gliding exercises whereby MCP flexion occurs in combination with 
maximal interphalangeal joint (IP) extension. As another variation, Hardy (2004) 
recommends a modified version of tendon gliding exercises involving only the IP joints.  
 
The effectiveness of early range of motion exercises on minimising the formation of 
motion limiting scar adhesions following proximal phalangeal ORIF is measured 
indirectly. This is because the presence of adhesions is not directly assessed as an 
outcome measure, unless the scar is reopened and the tissues inspected internally, as is 
the case when a tendon freeing procedure (tenolysis) is required and adhesions 
surrounding the tendon are identified and removed. Instead, effectiveness can either be 
extrapolated from research following tendon repair in the same region, or from range of 
motion outcomes following proximal phalangeal ORIF.  
 
It is possible to extrapolate from flexor tendon research because, during ORIF of 
proximal phalangeal fracture, the most common surgical approach is dorsal and involves 
laceration and re-repair of the extensor tendon overlying the fracture. Since early motion 
has been shown to minimise scar formation following tendon repair (Gelberman et al, 
1982; Amiel et al, 1991; Buckwalter et al, 1999; Kubota et al, 1996), it may also be 
effective at minimising motion limiting scar adhesions following proximal phalangeal 
fracture ORIF as similar deep structures are involved. 
 
Evidence for the effectiveness of early range of motion exercises on minimising the 
formation of motion limiting scar adhesions following proximal phalangeal ORIF by 
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reviewing range of motion outcomes is limited. The most effective type of early range of 
motion exercise is not known, and most published research provides little detail regarding 
post-operative exercise programs, instead broadly reporting that “digital motion” should 
be prioritised (Freeland and Orbay, 2006) or that “finger mobilisation” occurred (Horton 
et al, 2003).  
 
In research that does report range of motion exercises as part of their post-operative 
program, the results are poor. For example, in a retrospective review of 37 patients who 
had performed “rehabilitation with an occupational therapist to help maximise active 
range of motion”, Page and Stern (1998) reported very poor results for combined total 
active range of motion (summation of MCP, PIP, and distal interphalangeal (DIP) joint 
flexion less any loss of active extension at these joints) six months following ORIF of 
their proximal phalanx. The majority, 23 patients (62%), achieved total active range of 
motion of < 180 degrees for the injured digit. Considering that total active range of 
motion for an uninjured digit is approximately 260 degrees, this indicates a severe loss of 
range of motion. They found only four patients (11%) had >220 degrees total active 
range of motion for the injured digit, which they classified as a good or excellent active 
range of digital motion. Similarly in another retrospective review, Kurzen et al (2006) 
assessed 55 proximal phalangeal fractures that received plate fixation followed by “early 
motion of the digits initiated under control of a hand therapist” and found 20 (36%) 
suffered poor outcome and finger stiffness (total active range of motion <180°) at an 
average final follow-up of 10 months post-operatively. In a prospective randomised trial 
comparing ORIF with CRIF following proximal phalangeal fracture, Horton et al (2003) 
reported that the injured finger commenced “mobilisation” within 48 hour post-
operatively. They found the average combined active range of motion of PIP and DIP 
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joints (total of PIP and DIP flexion minus any loss of active extension at these joints) in 
the ORIF group to be 96 degrees, representing only 55% of the expected total active 
range of motion of these two joints in an uninjured finger (175 degrees). This was despite 
the assessment occurring over 3.3 years after the surgery, indicating the persistent nature 
of this deficit.  
 
This lack of effectiveness of early range of motion exercises on minimising the formation 
of motion limiting scar adhesions following ORIF is not seen elsewhere in the hand 
(Duncan et al, 1993). Following ORIF for metacarpal fracture for instance, the overall 
complication rate is significantly lower than for phalangeal fractures (31% vs 82%; 
p<0.01) (Trevison et al, 2006) and the proportion of patients achieving good or excellent 
total range of motion (>220 degrees) for the injured finger within six months is far 
greater (76% vs 11%) (Page and Stern, 1998). 
 
Furthermore, in those that do report range of motion exercises as part of their post-
operative program, the results are not only poor for total range of motion, but are 
consistently poor for one particular movement: active extension at the PIP. The size of 
the loss of extension at the PIP following proximal phalangeal ORIF has been quantified 
in two studies that used early motion exercises as part of their rehabilitation. In one, a 
randomised trial, the average loss of extension at the PIP was 27 degrees (Horton et al 
2003), whilst in the other, a retrospective review, it was reported that a loss of extension 
of > 35 degrees persisted at 6 months in 14 (38%) of injured fingers (Page & Stern 1998). 
This deficit represents approximately one-third of total motion in an uninjured PIP. Loss 
of active extension is called “extensor lag”. The large tendon to bone interface in the zone 
overlying the dorsum of the proximal phalanx, the ratio of which is higher than anywhere 
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else in the body (Brand et al, 1987); the intimacy of the proximal phalanx periosteum and 
ribbon-like extensor tendon; and the complexity of the extensor system on the dorsum of 
the finger (Rosenthal, 1987) have been hypothesised as reasons why scar formation and 
adhesions are associated with such persistent “extensor lag” (Evans & Thompson, 1992) 
following extensor tendon repair in this region. Even loose scar adhesions around the 
tendon may have a significant effect on finger function (Lanz, 1999) because the extensor 
mechanism has small excursions in this region (Elliot & McGrouther, 1986; Brand & 
Hollister, 1985). 
 
The most appropriate timing of commencement of active finger exercise following 
proximal phalangeal ORIF is unclear, however starting active finger exercise early in the 
post-operative period has been recommended (Horton et al, 2003; Freeland and Orbay, 
2006; Feehan and Basset, 2004; Freeland et al, 2003) with one randomised trial 
commencing active finger exercise 48 hours after ORIF (Horton et al, 2003). Based on 
experience, Freeland and Orbay (2006) recommend a slightly longer delay of up to five 
days post-operatively before commencing exercise to respect the inflammatory period. In 
a retrospective review, Nalbantoglu et al (2009) examined the outcome of 18 ORIF 
phalangeal fractures (14 of which were proximal phalanges) where participants did not 
start active range of motion exercises until four weeks post-operatively. They found poor 
results, with 7 of the 18 fingers studied (39%) exhibiting total active range of motion less 
than 180 degrees.  
 
Extrapolating from evidence regarding other fractures in the hand, a systematic review 
involving 459 patients (six quasi-randomised trials) with simple closed metacarpal shaft 
fractures also indicated that early motion (commenced < 21 days post-fracture) resulted 
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in earlier recovery of motion and strength, facilitated an earlier return to work, and did 
not affect fracture alignment (Feehan and Basset, 2004), and lends weight to the 
argument for early commencement of exercise. However, extrapolating from evidence 
regarding other fractures in the upper limb is not as clear, and may exemplify the unique 
anatomy of the hand. A systematic review including 13 randomised trials found that the 
effect of early exercises on reduction in pain and improvement in shoulder activity after 
proximal humeral fractures that do not require surgery was not carried over to those who 
had more severe types of proximal humeral fractures requiring surgery (Bruder et al, 
2011). They found that starting exercise at two weeks did not improve shoulder activity 
more than starting exercises after six weeks of immobilisation (Agorastides et al, 2007). 
 
Deformity 
The oedema that develops following proximal phalangeal fracture and ORIF is poorly 
tolerated in the fingers due to confined space, and joint distension activates joint 
nociceptors. To minimise pain and discomfort caused by stimulation of the nociceptors, 
the hand is drawn into a predictable position that accommodates the increase in volume 
(Eyring, 1964) – PIP flexion (30 - 40 degrees) and MCP extension or hyperextension, 
also known as a “pseudo-claw posture”. Unless oedema and poor joint position are 
controlled, this posture becomes a fixed deformity (Freeland, 2003). Therefore, in 
combination with oedema management techniques, an orthosis that positions the hand in 
MCP flexion and IP extension is used to control the forces associated with oedema and 
minimise the risk of a fixed deformity developing, particularly at the PIP (Horton et al, 
2003; Hardy, 2004). This orthosis is known as an “anti-claw”, “position of safe 
immobilisation” or “Edinburgh position” orthosis. Although it has been used in all trials 
following proximal phalangeal ORIF (Horton et al, 2006; Nalbantoglu et al, 2009; 
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Kurzen et al, 2006), it was in conjunction with another intervention, therefore the specific 
efficacy of this orthosis is not known. However, the presence of fixed flexion deformities 
at the PIP being reported as high as 38% (14 of 37) in fingers following ORIF of the 
proximal phalanx in one retrospective review (Page and Stern, 1998) would question its 
effectiveness. 
 
Reducing activity limitations 
Since recovery of motion of the finger may be the most important determinant of final 
outcome in all hand fractures (Freeland et al, 2003), the poor range of motion outcomes 
reported following proximal phalangeal ORIF lead to activity limitation. The reduced 
active motion and subsequent joint stiffness affect use of the injured finger and hand, 
reinforcing a weak grip and reduced dexterity. These impairments result in limitation to 
activity, i.e. difficulty performing specific tasks. In particular, a loss of one-third of total 
motion in an uninjured PIP represents a significant limitation to achieving the prehension 
required for grasping. This limits the individual’s ability to undertake everyday hand-
based activities like manipulating objects in their hand, typing, or gripping a ladder. It 
also restricts the ability to fit the hand into small spaces especially the pocket, and 
patients often complain of the finger being caught, knocked or getting in the way when 
reaching for objects as they are not able to extend or “straighten” it in line with the rest of 
their fingers. Horton et al (2003) reported that five out of thirteen (39%) patients 
following proximal phalangeal ORIF complained of ongoing symptoms that limited 
normal use. A retrospective review of metacarpal and proximal phalangeal fractures 
following ORIF found return to daily activities took an average of 30 days (4 to 180 
days) (Trevison et al, 2006). 
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Reducing participation restrictions 
These activity limitations in turn result in restrictions to participation, such as hobbies 
and sports. Participation in usual work, family and social roles becomes restricted as a 
result of extensor lag, an impairment that initially may have seemed trivial. 
 
In Mexico, a cross sectional study conducted in 2004 found that the average resolution 
time following workplace single finger fracture was 51 days. They reported a permanent 
disability rate of 6%, with the combined financial cost of temporary and permanent 
disability reaching almost 11.5 million USD in that year alone (Salinas-Tovar et al, 
2007). 
 
Delay to return to work can be longer if surgical fixation is required. In a retrospective 
review of 64 phalangeal fractures in 54 patients requiring open reduction internal 
fixation, Kurzen et al (2006) found the mean time off work to be 141 days (range, 20–
1287 days). For those without complications, this average was slightly lower (108 days), 
however in the presence of post-surgical complications this delay increased to 205 days. 
 
RATIONALE FOR ALTERNATIVE INTERVENTION TO DECREASE 
IMPAIRMENTS AND REDUCE ACTIVITY LIMITATIONS AND 
PARTICIPATION RESTRICTIONS  
 
It is necessary to understand the mechanics of finger extension in an uninjured finger, 
both to appreciate the reasons why extensor lag and pseudo-claw deformities can occur 
following ORIF of the proximal phalanx, and to consider the rationale for alternative 
preventative intervention.  
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Extension of the finger is the result of a complex interplay of forces from muscles both 
extrinsic and intrinsic to the hand. The extrinsic muscles contributing to finger extension 
include extensor digitorum communis, extensor indicis (to the index finger only), and 
extensor digiti minimi (to the little finger only). These muscles originate in the forearm 
and transmit their forces to the finger via long tendons that insert onto the extensor hood 
of the fingers over the dorsum of the proximal phalanx, as well as extend via the central 
slip across the dorsum of the PIP. As these tendons glide dorsal to the axis of the wrist, 
MCP, PIP and DIP joints, they can exert an extension force across all these joints. The 
intrinsic muscles include the interossei, originating from broad bony attachments to the 
metacarpal bones, and the lumbricals, originating from the flexor digitorum profundus 
tendons of each finger. As they pass the proximal phalanx, these muscles give 
contributions to the lateral bands and central slip, both of which cross dorsal to the axis 
of the PIP, exerting an extension torque on this joint. Prior to these contributions, 
however, they pass volar to the axis of the MCP and give more proximal insertions onto 
the tubercles on the base of the proximal phalanx, as well as into the extensor hood via 
oblique fibres, exerting a complementary flexion torque at this joint.  
 
The interplay of forces required to generate finger extension is a delicate balance. This is 
because both the intrinsic and extrinsic muscles transmit different torques across multiple 
joints before attaching distally in the finger. For example, PIP extension in the finger is 
reliant on not only force transmission from extrinsic extensors (via the central slip 
attachment onto the middle phalanx), but also the input from the intrinsic muscles of the 
hand (via contribution into the central slip and also to lateral bands). That is, the central 
slip and lateral bands work in concert to extend the PIP (Freeland et al, 2003). A 
differential action occurs, whereby the central slip tendon initiates extension with PIP 
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fully flexed, whereas the lateral bands contribute more as the PIP approaches full 
extension (Micks and Reswick, 1981). PIP extension of the finger is also facilitated by 
another delicate balance between the intrinsic muscles and extrinsic extensor muscles. 
They must work in opposition to stabilise the more proximal MCP. Avoiding 
hyperextension at the MCP during finger extension allows both the intrinsic and extrinsic 
muscles to maintain their most efficient muscle length tension. This facilitates 
distribution of their forces across all the finger joints. This balance is achieved by the 
flexion torque of the intrinsic muscles across the MCP counterbalancing the extension 
torque from the extrinsic muscles. If this stabilisation does not occur, ‘normal’ finger 
extension does not occur. For example, when the ulnar nerve is injured and there is an 
absence of power to all the intrinsic muscles in the ring and little finger, all the force of 
the extrinsic extensors is directed to the MCP alone, creating hyperextension, and there is 
no transfer through to its attachments that act to extend the PIP and DIP joints. Hence 
these fingers rest with the MCP in hyperextension, and the PIP and DIP joints in flexion 
– the “claw hand” posture. Effort to extend the finger only accentuates this posture.  
 
Following proximal phalangeal ORIF, the interplay of forces required to generate finger 
extension becomes unbalanced due to the loss of tendon gliding around the proximal 
phalanx. As described earlier, this loss of tendon gliding is caused by pain, oedema, 
reduced active range of motion and secondary scar adhesion around the tendon. This can 
occur to either the tendons supplied by the intrinsic muscles or the extrinsic extensor 
muscles, or both, with the same effect. That is, the mutually dependent roles played by 
the central slip and lateral bands in achieving full PIP extension have ramifications 
following injury to the proximal phalanx or the area surrounding it. Hardy (2004) 
observed that in the presence of adhesions in either system, PIP extension will be 
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affected, and that this may explain why proximal phalangeal ORIF via either a dorsal 
(more likely to impede the central slip and extrinsic extensor) (Page & Stern, 1998) or 
lateral surgical approach (more likely to impede the lateral bands) (Horton et al, 2003) 
may result in significant extensor lag.  
 
This imbalance in forces and loss of tendon gliding can lead to a “pseudo-claw” posture 
(Freeland et al, 2003; Hardy, 2004), whereby a gradual hyperextension of the MCP is 
accompanied by extensor lag at the PIP. In the presence of tendon adhesions around the 
proximal phalanx fracture site and ORIF, force is not transmitted distal to the site of 
adhesion, and active extension at the PIP is impeded. All of the extensor tendon force is 
directed to the more mobile MCP, and this joint begins to hyperextend. This 
compensation creates inefficient muscle length tension relationships in both the intrinsic 
and extrinsic extensor muscles. This in turn perpetuates the cycle of loss of transmission 
of force from these muscles to extend the PIP, and over time a posture of hyperextension 
at the MCP with a fixed flexion deformity at the PIP develops. Furthermore, 
hyperextension at the MCP becomes the adaptive pattern of movement required to 
remove the now flexed finger from the palm. That is, the patient “repeatedly moves the 
loosest joints, which encourages the somatosensory cortex to memorise this aberrant 
pattern” (Colditz, 2002).  
 
Therefore, the formation of tendon adhesions over the dorsum of the proximal phalanx 
restricts tendon “gliding”, and this loss of tendon excursion or “gliding” results in 
extensor lag at the PIP and resultant “pseudo-claw” posturing over time. In the uninjured 
hand, the extensor tendon mechanism requires 20 mm of glide for full digital motion, 
with 6-7 mm (Brand et al, 1987; Elliot & McGrouther, 1986) of this motion occurring at 
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the PIP. In the presence of adhesion formation over the proximal phalanx following 
central slip injury, Evans and Thompson (1992) noted that the entire 20 mm of extensor 
glide occurred at the MCP alone, resulting in gradual MCP hyperextension. These 
findings can be extrapolated to the situation that occurs following proximal phalangeal 
fracture and ORIF (Freeland et al, 2003).  
 
Tendon gliding exercises 
It is unknown whether the formation of scar tissue adhesions and subsequent extensor lag 
and pseudo-claw could be affected by type of exercise following ORIF of the proximal 
phalanx bone of the finger. Extrapolating from rehabilitation following extensor tendon 
repair over the proximal phalanx and PIP area, “digital flexor and extensor excursion of 4 
mm, achieved during the initial four weeks after operation” reportedly “minimises the 
risk of serious tendon adhesions and is a favourable prognostic sign” (Evans & 
Thompson 1992). Based on findings from a cadaveric study (Elliot and McGrouther, 
1986) it was estimated that to maintain this 4 mm excursion would require at least 53 
degrees of motion at the PIP.  
 
Standard tendon gliding exercises (Figure 1.7) are commonly used to try to achieve 
excursion or “glide” (Hardy, 2004). In an uninjured hand, these positions are reported to 
provide maximum range of motion at each finger joint, as well as gliding of the extensor 
and intrinsic muscles (Wehbe 1987).  
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Figure 1.7: Tendon gliding exercises (Position 1 – 4) (Wehbe, 1987). These 
include “extension” (Position 1); “hook” (Position 2); “fist” (Position 3); 
and ”straight fist” (Position 4). The “intrinsic positive position” (Position 5) 
is also performed in conjunction with these in clinical practise. 
 
In the presence of pain, oedema and tendon adhesion following proximal phalanx ORIF, 
however, their effectiveness may be limited for two reasons. First, they do not focus or 
target the force of the intrinsic and extrinsic extensors toward the PIP by stabilising the 
MCP, hence the tendency toward pseudo-claw may be perpetuated, rather than 
eliminated. This could be addressed via the use of a blocking or targeting orthosis used 
for exercise. Second, they do not harness synergistic patterns of wrist flexion/finger 
extension or wrist extension/finger flexion, which would reinforce ‘normal’ movement 
patterns and maximise the passive tension generated in both the extrinsic extensors and 
flexors. This could be addressed by including the wrist in the exercises in a pattern 
synergistic to the direction of finger motion. Performing synergistic wrist and finger 
exercises within the constraints of a removable MCP blocking orthosis would combine 
both adaptations, harnessing high tendon excursion and focussing this excursion toward 
the PIP (Figure 1.8). Addressing the two limitations of standard tendon gliding exercises 
in this way may be more effective and expedient in achieving range of motion and full 
finger extension. In turn, this decrease in impairment could lead to a reduction in both 
activity limitations and participation restrictions as greater range of motion achieved 
earlier may increase hand use and therefore allow earlier return to work. 
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Figure 1.8: Synergistic wrist and finger exercises with the MCP constrained 
in 20 degrees flexion via a blocking orthosis. 
 
MCP joint blocking orthosis 
Constraining mobile proximal joints with orthoses or casts in order to direct and focus 
tendon force toward stiffer distal joints has been found to improve range of motion and 
correct abnormal movement patterns (Freeland et al, 2003; Colditz, 2000). In the 
presence of oedema, pain and tendon adhesion around the proximal phalanx following 
ORIF, effort at finger extension via intrinsic and extrinsic extensor muscle force is not 
transmitted to the PIP distal to the adhesion, and an extensor lag occurs. The extrinsic 
extension force is instead directed wholly across the MCP, creating hyperextension at this 
joint, lengthening the intrinsic muscles (rendering them inefficient) and setting up the 
tendency towards a pseudo-claw. By temporarily stabilising and constraining the MCP 
(blocking it from hyperextending), the force would be redirected distally toward the PIP. 
This would create tendon excursion along the proximal phalanx where oedema is present 
and tendon adhesions tend to form. Hence the tendency toward pseudo-claw could be 
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eliminated. This constraint could be provided via the use of a removable blocking 
orthosis, which would focus extension force at the PIP and be used for exercise.  
 
Although blocking orthoses that direct movement toward distal joints have previously 
been described, they are not used in the acute post-operative phase (Freeland et al, 2003), 
and effectiveness is not known. Colditz (2000, pp 72) recommended “casting motion to 
mobilise stiffness” in joints that had already developed contractures. She felt that 
“abnormal patterns of motion are established as a result of the lack of tissue mobility” 
with the patient repeatedly moving the loosest joints. “Casting motion to mobilise 
stiffness” utilises plaster of Paris casting to selectively immobilise “loose” joints in an 
ideal position so that stiff joints move in a desired direction and range, nullifying the 
aberrant movement pattern that had become established. Hardy (2004) describes use of a 
blocking orthosis to counter a developing pseudo-claw following proximal phalanx 
fracture, but not in the initial post-operative phase. The orthosis immobilises the MCP in 
flexion, protecting against MCP hyperextension, while also directing all flexor and 
extensor tendon power to the PIP. Freeland et al (2003) also recommended a removable 
exercise orthosis, but not until after three weeks post-operatively.  
 
The optimum angle to block the MCP is unknown, however flexion has been 
recommended (Freeland et al, 2003). In this position, hyperextension at the MCP with 
proximal extensor tendon excursion is prevented (Hardy, 2004) and extensor tendon 
tension is focused at the PIP. This is due to two biomechanical occurrences working in 
tandem. First, the muscle length-tension of the extrinsic extensor is optimised to extend 
the interphalangeal joints (Long, 1968). Second, the transverse metacarpal ligament 
enhances the function of the intrinsics, the interossei, by acting as a pulley and preventing 
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them from becoming slack, further increasing the effectiveness of their action on 
interphalangeal extension (Austin, 2005). Together, these two biomechanical 
occurrences facilitate both the central slip and lateral bands to work in concert to extend 
the PIP (Freeland et al, 2003). Blocking the MCP in full flexion should be avoided, 
however, as it would place the intrinsic muscles in their disadvantageous shortened 
position, limiting their contribution to PIP extension. It would also disrupt the ‘normal’ 
pattern of digital flexion, which is initiated with IP joint flexion (hook position) prior to 
any significant MCP flexion (Arbuckle & McGrouther 1995). 
 
Synergistic wrist and finger motion 
Moving the wrist and fingers synergistically may be beneficial (Wehbe and Hunter, 
1985). Synergistic wrist and finger motion, i.e., moving between two positions – one 
being wrist extension with finger flexion and the other being wrist flexion with finger 
extension – has been shown to produce greater tendon excursion than finger movement 
alone (Lieber et al, 1999; Zhao et al, 2002). The full range of each repetitive cycle 
consists of first extending the wrist and making a fist, then flexing the wrist while 
forcefully straightening the fingers (Freeland et al, 2003). With the wrist in flexion, 
passive tension is increased in the extensor mechanism (Freeland et al, 2003). As wrist 
extension beyond neutral diminishes the extension force that can be generated at the 
proximal phalanx by almost one third (or approximately 1 kg force) (Keech et al, 2004), 
attempting to extend the fingers with the wrist in a flexed posture allows more force in 
this region. In this way, synergistic motion harnesses the passive tenodesis effect and 
combines forceful active contraction with passive glide. It also utilises ‘normal’ motor 
patterns (Johanson et al, 1990). A prospective laboratory investigation in dogs indicated 
that synergistic wrist and finger exercises produced better tendon excursion and 
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diminished adhesion formation after tendon lacerations, augmenting the recovery of 
motion (Zhao et al, 2002). It has been shown to apply low load with high excursion for 
tendons (Lieber et al, 1999) and is used in rehabilitation programs following tendon 
repair (Amadio, 2005). The effectiveness of this technique following proximal 
phalangeal ORIF is unknown.  
 
OUTLINE OF THE THESIS 
Aim  
The aim of this collection of studies is to explore factors that are associated with, and 
efficacy of intervention for, proximal phalangeal fracture following surgical fixation.  
 
The objectives of the individual studies were as follows:  
1. Determine retrospectively whether baseline characteristics predict total active range 
of motion six weeks following surgical fixation of proximal phalangeal fracture. 
 
2. Compare the efficacy of two different types of exercise on short-term and medium-
term outcome following ORIF of proximal phalangeal fracture.  
 
3. Determine the pattern of recovery following proximal phalangeal ORIF and whether 
this recovery is related to adherence to rehabilitation. 
 
4. Determine prospectively whether baseline characteristics predict outcome (at all 
levels, i.e., impairment, activity limitation or participation restriction) twelve weeks 
after ORIF of proximal phalangeal fracture. 
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Significance 
Answering these questions will further our knowledge of finger fracture rehabilitation 
and guide surgical and rehabilitation intervention. It will help surgical and rehabilitation 
decision-making to be based on scientific principles rather than anecdotal experience 
alone. As measures of outcome included are at the impairment, activity and participation 
levels, and include both measured and patient-reported outcomes, the results should 
provide direction for finger fracture rehabilitation that is holistic and beneficial not just to 
the injured individual but to their wider community.  
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CHAPTER 2 
 
STUDY 1: WHAT BASELINE CHARACTERISTICS PREDICT TOTAL ACTIVE 
RANGE OF MOTION SIX WEEKS AFTER PROXIMAL PHALANGEAL 
FRACTURE FIXATION: A RETROSPECTIVE STUDY. 
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METHOD 
 Design 
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 Outcome measures 
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 Post-hoc analysis 
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The work presented in this chapter has been presented as: 
 Miller L (2009) Active Range of Motion following Surgical Fixation of Finger 
Proximal Phalangeal Fractures: A Retrospective Review. Australian Hand 
Therapy Association Annual Conference (National), Brisbane, QLD. 
Winner of Australian Hand Surgery Society prize for best research paper at 
conference 2009. 
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INTRODUCTION 
Selection of type of fixation used to stabilise displaced proximal phalangeal fractures has 
been based upon the fracture characteristics, rather than evidence of outcome. Closed 
reduction and Kirshner wire (K-wire) fixation is recommended for extra-articular 
fractures (i.e., transverse and short oblique, Freeland and Orbay, 2006), whereas open 
reduction and internal plate and/or screw fixation is recommended for both extra-articular 
(i.e., spiral and long oblique) and intra-articular fractures (Horton et al, 2003) as well as 
multiple or rotated fractures (Stern, 2005). However, surgeon preference and experience 
and local practice (Bernstein & Chung, 2006) as well as patient factors tend to guide how 
fractures are fixed and this may be more influential in decision making about fixation 
type for proximal phalangeal fractures in clinical practice than fracture characteristics. 
Although a previous randomised trial found no difference between active range of motion 
outcomes following proximal phalanx fractures treated with open reduction and internal 
(lag screw) fixation compared with those treated with closed reduction and Kirshner wire 
(K-wire) fixation (Horton et al, 2003), only fractures with specific characteristics (extra-
articular spiral and long oblique) were included, so it is not possible to extrapolate to all 
proximal phalangeal fractures. Therefore the answer to whether fixation type is 
predictive of range of motion outcomes following all proximal phalangeal fractures 
remains unclear. 
 
Similarly, recommendations have been made for when to commence active finger 
exercise in the post-operative period following proximal phalangeal fracture fixation. 
Early commencement of active finger exercise has been recommended (Horton et al, 
2003; Freeland and Orbay, 2006; Feehan and Basset, 2004; Freeland et al, 2003), 
however “early” commencement has been described as starting active finger exercise 
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anywhere between 48 hours to three weeks post-operatively. In clinical practice, 
recommendations to commence early active finger exercise are often not possible to 
follow. For example, in the CRIF with K-wire group in a randomised trial (Horton et al, 
2003), plans to commence exercise after one week had to be abandoned because of 
concerns regarding the stability of the fracture and pin site infection. Therefore, in 
practice, the timing of commencement of active finger exercise is influenced not only by 
recommendations, but by other factors including surgeon preference, patient factors and 
local practice patterns. No study of people with this finger fracture has compared the 
effect of different commencement times (i.e., early vs delayed) on range of motion 
outcomes and therefore whether timing of this commencement is predictive of outcome 
remains unclear.  
 
Fractures occurring within a joint (intra-articular fractures) may also produce more 
impairment compared with fractures situated away from the joints (extra-articular 
fractures) following proximal phalangeal open reduction internal fixation. Impairments 
including limitation of range of motion and increased pain could occur more readily when 
the joint is involved due to acute oedema and/or ongoing loss of congruency of the joint 
surfaces despite the reduction and fixation. 
 
Following other traumatic injuries requiring surgical repair, the little finger has proven 
more difficult to rehabilitate than the other fingers and therefore may also be more 
difficult to rehabilitate following proximal phalangeal surgical fixation. In a retrospective 
documentation audit, Orkar et al (2012) found significantly greater flexion contracture in 
the little finger following flexor tendon repair in Zone I injuries compared to the index 
finger at all follow-up points, and a higher tendon rupture rate in the little finger group. 
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The unique anatomy of the little finger, including lack of a dorsal interosseus muscle, 
and the high frequency of anomalies of the lumbrical (Schmidt & Lanz, 1992) and the 
flexor digitorum superficialis (FDS) (Tan et al, 2013), could contribute to difficulty in 
rehabilitating extension and flexion of the PIP in the little finger compared with the other 
fingers. Lack of a dorsal interosseus muscle in the little finger could potentially impede 
extension of the PIP. The abductor digiti minimi takes the place of a dorsal interosseous 
muscle to the little finger, and whilst it is possible that this muscle contributes to 
extension of the PIP through its connection to the finger's dorsal extensor mechanism 
(Doyle & Botte, 2003), it’s main insertion is at the ulnar aspect of the base of the 
proximal phalanx, making abduction of the little finger at the MCP its main action. This 
is in contrast to the middle and ring fingers that have both volar and dorsal interossei 
contributing to PIP extension through insertions into the extensor hood.  
 
Similarly, anomalies in the 4th lumbrical muscle and its insertion could also impede the 
rehabilitation of finger motion of the little finger. Schmidt and Lanz (1992) found the 
frequency of variations increased from the 1st to the 4th lumbricals, with the insertion of 
the 4th lumbrical on the radial side of the little finger in 85% of cases, on the ulnar side 
of the ring finger in 3%, and via a bicipital bony attachment into the ring finger as well as 
the little finger in 11%. These variations could impede the rehabilitation of motion due to 
the lumbricals contribution to interphalangeal extension and balance between the flexor 
and extensor mechanisms in the finger. 
 
In addition, anomalies of the FDS to the little finger are common. FDS is absent in 
between 4-20% of little fingers or common between the ring finger and the little finger in 
about 18-27% of the hands (Kaplan, 1969; Gonzalez et al, 1997; Austin et al, 1989; 
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Baker et al, 1981; Stein et al, 1990), with the incidence of independent FDS function 
approximately only 51-56% (Tan et al, 2013; Tan et al, 2009). The high potential for an 
FDS anomaly in the little finger could make regaining flexion more difficult than other 
fingers following surgical repair of proximal phalangeal fracture in this study. 
 
Since all these potential predictors interact with each other, it is difficult to determine 
how each contributes to total active range of motion, therefore an analysis needs to be 
performed in a way that all potential predictors are included. Therefore the specific 
research question was, in patients with fracture of the proximal phalanx: 
• Do baseline characteristics such as fixation type (ORIF vs CRIF with K-wire), 
time to commencement of active finger exercise (days), location of fracture (intra- 
vs extra-articular), or injured finger (little vs other) predict total active range of 
motion outcome six weeks after surgical fixation of proximal phalangeal fracture? 
 
METHOD 
Design 
This study was a retrospective audit of medical records for consecutive patients who 
underwent either ORIF with plates and or screws, or CRIF with K-wire, of a finger 
proximal phalanx fracture at Sydney Hospital, Sydney, Australia. Medical records were 
located via review of monthly Allied Health statistics. Total active finger range of motion 
was collected at six weeks post-operatively since measurements are routinely taken at the 
Week 6 appointment at Sydney Hospital. Baseline predictors were selected a priori and 
based on a theoretical construct. Approval for the audit was gained from the Director of 
Clinical Services.  
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Participants 
Patients were included if they had sustained proximal phalangeal fracture and had 
surgical fixation. They were excluded if the patient had sustained their proximal 
phalangeal fracture as part of a multi-trauma to the hand. 
 
Predictors 
The predictors were fixation type (ORIF vs CRIF with K-wire), time to commencement 
of active finger exercise (days), location of fracture (intra- vs extra-articular), and injured 
finger (little vs other). 
 
Outcome of interest 
The outcome of interest was total active finger range of motion, calculated as the 
difference between the composite extension and composite flexion measures documented 
in the patient’s medical record. Extension values beyond 0 degrees (hyperextension) are 
not included in the calculation. As is protocol in the hand therapy unit at Sydney 
Hospital, range of motion measurements are taken in a standardised way. All 
measurements are taken using a hand-held Rolyan™ finger goniometer and reported in 
degrees. Participants sit at a table with the elbow supported and the forearm vertical with 
the wrist in neutral (0 degrees). They are asked to “straighten the fingers as much as 
possible until mild discomfort” and MCP, PIP and DIP joint angles are summed to give 
composite extension. Participants are then asked to “make a fist with all the fingers as 
much as possible until mild discomfort” and MCP, PIP and DIP angles are recorded and 
summed to give composite flexion. All measurements are recorded via dorsal placement 
of the goniometer.  
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Data analysis 
Descriptive statistics (mean and standard deviation for continuous predictors; frequency 
and percentage for categorical predictors) were used to summarise the baseline 
demographics and predictors included in this analysis. Univariate analysis was 
undertaken using Pearson’s correlation coefficient to examine the relationship between 
the predictors and total active range of motion at Week 6. Predictors with correlations of 
p < 0.05 were entered into a multivariate analysis. Multiple linear regression was used to 
examine which characteristics best predicted total active range of motion at Week 6. To 
be included in the final prediction equation, predictors had to be significant at the p < 
0.05 level or explain an additional 5% of the variance. The explained variance of the 
prediction model was determined by the coefficient of determination (R2), reflecting the 
proportion of variance in the outcome explained by the predictors in the model. SPSS 
V.21 for Mac (IBM Corporation, Armonk, NY, USA) was used for all statistical analysis.  
 
RESULTS 
Characteristics of participants 
85 files were identified via review of monthly Allied Health statistics between January 
2007 and October 2008 inclusive (22 months). Two files were excluded as the proximal 
phalangeal fracture was part of a multi-trauma to the hand. A total of 83 surgically 
fixated proximal phalangeal fractures in 80 patients were included for review. 69% of 
these (57 fractures in 56 patients) had been repaired using ORIF, whilst 31% (26 fractures 
in 24 patients) had been repaired using CRIF with K-wire. Two-thirds were extra-
articular fractures (66%) and little fingers made up 40% of the fractures. At six weeks 
post-operatively, 32 fractures (in 31 patients) were lost to follow-up, representing a 39% 
loss to follow-up. Therefore at six weeks after surgery, it was possible to obtain the 
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outcome measure from 51 fractures (in 49 patients). The flow of participants in the study 
is shown in Figure 2.1. 
 
 
Figure 2.1: Flow of participants through the study. 
 
For the 49 patients who attended their Week 6 follow-up, the average patient age was 36 
years (SD 14), with 35 males (73%) and 53% were right hand injuries. 63% (32 fractures 
in 32 patients) had been repaired using ORIF, and 37% (19 fractures in 17 patients) 
(37%) had been repaired using CRIF with K-wire. Location of fracture was two-thirds 
extra-articular (67%), and the little finger accounted for 41% of fractures. The mean 
 
Patients post stable ORIF or CR and k-wire 
fixation of finger proximal phalanx (n = 85) 
Excluded (n = 2) 
 Multi-trauma (n = 2) 
 n = 83 fractures in 80 patients 
 
(ORIF = 57 fractures in 56 patients; CR and k-wire fixation = 26 fractures in 24 patients) 
 
Week 1 
Measured active total range of motion 
 
n = 51 fractures in 49 patients 
(ORIF = 32 fractures in 32 patients; CR and k-wire fixation = 19 fractures in 17 patients) 
Lost to Week 6 follow-up 
 Did not attend (n = 32 fractures in 
31 patients) 
 
Week 6 
Between January 2007 and 
December 2008 
Rehabilitation including : 
 active finger exercises;  
 oedema minimisation;  
 scar minimisation;  
 deformity minimisation 
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delay between surgery and the commencement of active finger exercises was 12 days (SD 
11). See Table 2.1 for baseline characteristics of participants. 
 
Table 2.1 Baseline characteristics of participants. 
Characteristic All included 
(n = 80 pt)  
(n = 83 #) 
All reviewed at six weeks 
(n = 49 pt)  
(n = 51 #) 
Demographics   
Age (yr), mean (SD) 35 (14) 36 (14) 
Gender, n males (%) 57 (71) 35 (73) 
Injured hand, n right (%) 44 (53) 27 (53) 
Predictors   
Fixation type, n (%)   
ORIF 57 (69) 32 (63) 
K-wire 26 (31) 19 (37) 
Time to commencement of active 
exercise (days), mean (SD) 
10 (11) 12 (11) 
Time to commencement of active 
exercise (days), median (IQ 
range) 
7 (8) 7 (11) 
Location of fracture, n (%)   
Intra-articular 28 (34) 17 (33) 
Extra-articular 55 (66) 34 (67) 
Injured finger, n (%)   
Little 33 (40) 21 (41) 
Other 50 (60) 30 (59) 
pt = participant, # = fracture; ORIF = open reduction and internal fixation; K-wire = closed reduction and 
Kirshner wire fixation; other = index, middle or ring finger 
 
Prediction of total active range of motion at Week 6 
Univariate regression analysis showed that two baseline characteristics (fixation type and 
time to commencement of active exercise) but not injured finger or location of fracture, 
were correlated with total active range of motion at six weeks post-operatively (Table 
2.2). 
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Table 2.2 Univariate analysis of the correlation between predictors and total active 
range of motion using Pearson’s correlation coefficient r (p).  
Predictor Total active ROM at Week 6 
Fixation type (ORIF vs K-wire)  0.50 ( 0.0001) 
Time to commencement of active exercise (days)  -0.73 ( 0.0001) 
Location of fracture (intra- vs extra-articular)  0.20 (= 0.16) 
Injured finger (little vs other) -0.04 (= 0.78) 
ROM = range of motion; ORIF = open reduction and internal fixation; K-wire = closed reduction and internal 
fixation using Kirshner wire; other = index finger, middle finger or ring finger 
 
When the predictors that were correlated (p<0.05) with total active range of motion at 6 
weeks, (i.e., fixation type and time to commencement of active exercise) were entered 
into a multiple regression, together they accounted for 54% of the variance in total active 
range of motion at six weeks post-operatively (Table 2.3). Time to commencement of 
active exercise was the only independent significant predictor of total active range of 
motion at six weeks post-operatively. Clinicians could therefore predict total active range 
of motion at six weeks post-operatively using the following equation: 
Total active range of motion (degrees)  
= 201 - 4 * time to commencement of active exercise (days) 
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Table 2.3 Mean (95% CI) regression coefficients of predictors and prediction 
equation from the multivariate analysis and accuracy of prediction of total 
active range of motion at Week 6 (n = 51). 
Regression coefficients of predictors 
Constant = 201 (170 to 232) 
Time to commencement of active exercise = -4 (-2 to -6) 
Fixation type = 13 (- 16 to 42) 
Equation  
Total active ROM at Week 6 (deg) 
    = 201 - 4 * (time to commencement of active exercise (days)) 
 
Accuracy of prediction equation 
R2 = 0.54 
 
Post-hoc analysis 
The wide range of time to commencement of active exercise (mean 12 days, SD 11, range 
1 – 45) raises the question of what determines this width. Therefore a post-hoc analysis 
was undertaken to determine whether characteristics such as fixation type, location of 
fracture, or injured finger differentiated time to commencement of active exercise. There 
was no significant difference in time to commencement of active exercise between little 
finger vs other finger injuries (mean difference 4 days, 95% CI -2 to 10, p = 0.22) or 
between intra- vs extra-articular fractures (mean difference 3 days, 95% CI -3 to 9, p = 
0.41). However, time to commencement of active exercise was significantly different 
between fixation types (mean difference 13 days, 95% CI 8 to 18, p < 0.0001), with 
fractures repaired using ORIF commencing active finger exercises earlier (mean 7 days, 
SD 5) following surgery compared with fractures repaired using CRIF with K-wire (mean 
20 days, SD13). 
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DISCUSSION 
This study found that the only significant independent predictor of range of motion at six 
weeks following fixation of proximal phalangeal fracture was time to commencement of 
active exercise. The earlier the commencement of active exercise, the greater the total 
active range of motion at 6 weeks post-operatively. Furthermore, the main influence on 
time to commencement of active exercise was fixation type, with fractures repaired using 
CRIF with K-wire associated with a delay of nearly two weeks compared with fractures 
repaired using ORIF.  
 
Although CRIF with K-wire is viewed as a less invasive means of repairing unstable 
proximal phalangeal fractures, this study found that any benefits of this less invasive 
surgery are probably offset by delayed commencement of active exercises post-
operatively, which is predictive of poorer total active range of motion at 6 weeks. With 
K-wire fixation, active motion is often impeded due to pin site irritation, migration, 
infection and/or direct skewering or “transfixing” the adjacent extensor mechanism to the 
bone (Barton, 1984). Even in the absence of infection or skewering, patients often find 
protruding K-wire ends and their associated skin drag with movement visually off-putting 
and painful, and this can limit their adherence to active motion as part of their 
rehabilitation. 
 
These findings represent the first comparison of commencement time-points for active 
exercise following proximal phalangeal fracture fixation. Freeland and Orbay (2006) 
recommended waiting five days post-operatively before commencing exercise to respect 
the inflammatory period, but did not test this theory on participants in a study. In a 
retrospective review Nalbantoglu et al (2009) examined the outcome of 18 phalangeal 
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fractures following ORIF (14 of which were proximal phalanges) where all participants 
did not start active finger exercises until four weeks post-operatively, and found poor 
long-term results at 3 years follow-up, with 7 of the 18 fingers studied (39%) still 
exhibiting total active range of motion less than 180 degrees. In other fractures in the 
hand, a systematic review involving 459 patients (six quasi-randomised trials) with 
simple closed metacarpal shaft fractures also indicated that early motion (commenced < 
21 days post-fracture) resulted in earlier recovery of motion and strength, facilitated an 
earlier return to work, and did not affect fracture alignment (Feehan and Basset, 2004). 
All these findings lend weight to the argument for early commencement of exercise. 
 
These findings conflict with those of Horton et al (2003) who found no difference 
between ORIF compared using CRIF with K-wire following proximal phalangeal 
fractures, despite those in the ORIF group commencing active finger exercise early 
(within 48 hours) and those in the CRIF with K-wire group delaying commencement 
(after 3 weeks post-operatively). However, the present study included a broad variety of 
fracture type and location, with almost one-third being intra-articular fractures. In 
contrast, Horton et al (2003) included only fractures with specific characteristics (extra-
articular spiral and long oblique fractures), with no intra-articular fractures. Since the 
present study found that intra-articular fractures were rarely repaired using CRIF with K-
wire, it is difficult to compare its results to that of Horton et al (2003). In addition, the 
follow-up was about 3 years post-operatively, and the difference found in the present 
study may disappear in the long-term.  
 
Limitations of this study include its retrospective design and large (38%) loss to follow-
up, both of which undermine the validity of findings. However this study differs from 
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other retrospectively designed studies by having a standardised outcome measure and the 
same time point of measurement, both of which increase believability of results. 
Furthermore, baseline characteristics of all included participants are similar to those for 
participants analysed at six weeks. Another limitation is that only one outcome was 
measured, limiting the ability to determine whether other aspects of recovery including 
hand use and participation were also affected. There is also a potential lack of 
generalizability of the results, and a need for a validation of the equation in another 
sample. The relatively short follow-up duration of six weeks following surgery could also 
be viewed as inadequate, although the fact that many felt well enough not to continue 
with therapy and were lost to follow-up even at this early stage may give some insight 
into the pattern of recovery following this finger fracture.  
 
The clinical implication from this study is that early commencement of active exercise 
after fixation of proximal phalangeal fracture should be encouraged. For example, using 
the prediction equation from the multiple regression, if commencement of active exercise 
is four days, the total active range of motion at six weeks following fixation would be 
predicted to be 185 degrees. If time to commencement were delayed a further week (11 
days), the total active range of motion would be predicted to be 157 degrees, nearly 30 
degrees less range of motion. If time to commencement were delayed another week (18 
days), the total active range of motion would be predicted to be 127 degrees, 60 degrees 
less range of motion than commencing at four days. Therefore, the findings of this study 
suggest that all efforts should be made to ensure that any factor resulting in delayed 
commencement of active exercise should be eliminated. Since CRIF with K-wire is a 
major factor associated with delay in commencement of active exercise, it should be 
avoided if at all possible. That is, if there is no requirement to perform a CRIF with K-
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wire, the paramount determinant of fixation type should be that it can accommodate 
earlier commencement of active finger exercises (~ 4 days following surgery) to 
maximise total active range of motion. This information could assist surgeons with their 
decision-making regarding fixation type. 
 
In conclusion, the results of this retrospective study suggest that patients who commence 
active finger exercise early following proximal phalangeal fracture surgical fixation can 
expect greater total active range of motion at 6 weeks post-operatively than if active 
exercise is delayed. Therefore decision-making regarding type of fixation should be 
guided by whether early commencement of active exercise will be possible, rather than 
by which finger is injured or whether the fracture is intra- or extra-articular.   
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CHAPTER 3 
STUDY 2: IS THERE A DIFFERENCE BETWEEN TWO TYPES OF EXERCISE 
AFTER PROXIMAL PHALANGEAL FRACTURE FIXATION: A 
RANDOMISED SINGLE-BLINDED TRIAL 
 
INTRODUCTION 
 
METHOD 
 Design 
 Participants, therapists 
 Intervention 
 Outcome measures 
 Data analysis 
 
RESULTS 
 Flow of participants, therapists, through the study 
 Adherence with trial method 
 Effect of intervention 
 
DISCUSSION 
 
The work presented in this chapter has been presented as: 
 Miller L, Ada L, Crosbie J, Wajon A (2014) No difference between two types of 
exercise following proximal phalangeal fracture fixation: a randomised single-
blinded clinical trial. Australian Hand Therapy Association Annual Conference 
(National), Gold Coast, QLD. 
Winner of Australian Hand Surgery Society prize for best research paper at 
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conference 2014. 
 
 Miller L, Ada L, Crosbie J, Wajon A (2014) No difference between two types of 
exercise following proximal phalangeal fracture fixation: a randomised single-
blinded clinical trial. “Imag!ne.U - Creating the Future” Higher Degree Research 
Conference University of Sydney, Faculty of Health Sciences, Sydney NSW 
Awarded “Best oral presentation: Honorary mention” 
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INTRODUCTION 
The aim of this chapter is to evaluate two alternative interventions following proximal 
phalangeal fracture. Given that in Chapter 2, it was reported that early commencement of 
exercise and fractures repaired using ORIF appeared to be beneficial in terms of range of 
motion, for the current study, individuals with proximal phalangeal fracture who 
commenced rehabilitation within 7 days post ORIF were investigated.  
 
Traditionally, exercise to restore finger range of motion following ORIF has involved 
actively moving the fingers to five positions that combine the three finger joints in 
combinations of flexion and extension with the wrist in a neutral position. Positions 1-4 
(Figure 3.1) target range of motion of the finger joints, glide of the tendons of the two 
finger flexors: flexor digitorum profundus and flexor digitorum superficialis (Wehbe and 
Hunter, 1985), and glide of the tendons of the finger extensors and intrinsic muscles 
(Wehbe, 1987). Position 5 (Figure 3.1) targets interphalangeal extension. However, in 
the presence of post-surgical oedema around the proximal phalanx, attempts to extend the 
finger result in hyperextension of the more mobile MCP, rather than movement across all 
three joints of the finger (Evans and Thompson, 1992). Over time, this can lead to a 
flexion contracture at the PIP, i.e., a pseudo-claw deformity (Freeland et al, 2003) 
(Chapter 1, Figure 1.2). In two studies with long and medium-term follow-up respectively 
after proximal phalangeal ORIF, flexion contracture of the PIP was significant. Horton et 
al (2003) reported an average contracture of 27 degrees, while Page and Stern (1998) 
reported a contracture > 35 degrees or total active range of motion < 180 degrees in 38% 
of injured fingers. This represents approximately one-quarter to one-third of the range of 
motion in an uninjured PIP, a significant limitation to grasping and manipulating objects. 
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Position 1 2 3 4 5 
 
     
Advice 
to 
patient 
Straighten 
your fingers 
 
 
 
 
 
 
Keep your 
wrist 
straight 
Curl your 
fingers into 
a “hook” 
fist 
  
 
 
 
Keep your 
wrist 
straight 
Make a full 
fist 
 
 
 
 
 
 
Keep your 
wrist 
straight 
Make a 
fist, but 
keep the 
tips of 
each 
finger 
straight 
 
Also keep 
your wrist 
straight 
Bend your 
knuckles 
into a 
“table top” 
position  
 
 
 
Keep your 
wrist 
straight 
 
Figure 3.1: Finger exercises with the MCP unconstrained (control group) 
 
Alternatively, moving the wrist and fingers synergistically may be beneficial (Wehbe and 
Hunter, 1985). For example, moving between two positions – one being wrist extension 
with finger flexion and the other being wrist flexion with finger extension – has been 
shown to produce greater tendon excursion than finger movement alone (Lieber et al, 
1999; Zhao et al, 2002). In addition, constraining mobile joints with orthoses has been 
suggested as a way to improve tendon gliding across joints within the same limb (Colditz 
2000; Freeland et al, 2003, Hardy, 2004). The rationale for combining these two ideas – 
performing synergistic wrist and finger exercises while constraining the MCP in an 
orthosis – is that it should produce both maximum tendon excursion and maximum joint 
range in the PIP, thereby preventing flexion contractures, but this has never been tested.  
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The aim of this study was to investigate whether constrained synergistic exercises were 
more effective than traditional unconstrained exercises as part of usual care after ORIF. 
The duration of rehabilitation after ORIF is usually about 12 weeks, with the emphasis 
during the first half being on decreasing swelling and pain, increasing range of motion 
and preventing scarring and harm, while the emphasis in the second half changes to 
increasing strength and activity. Therefore the specific research questions were: 
1. Does 6 weeks of synergistic wrist and finger exercises with the MCP constrained 
in an orthosis (constrained exercises) increase range of motion and decrease pain 
more than traditional finger exercises with the MCP unconstrained (unconstrained 
exercises) after ORIF of proximal phalangeal fracture? Further, does superiority 
of one exercise over another carry over into more hand activity and faster return to 
work? 
2. Does 12 weeks of synergistic wrist and finger exercises with the MCP in an 
orthosis (constrained exercises) increase range of motion, increase strength and 
decrease pain more than traditional finger exercises with the MCP unconstrained 
(unconstrained exercises) after ORIF of proximal phalangeal fracture? Further, 
does superiority of one exercise over another carry over into more hand activity 
and faster return to work? 
 
METHOD 
Design 
A prospective parallel-group, single-blinded, randomised clinical trial was conducted. 
People with fracture of the proximal phalanx bone of the finger who required ORIF via 
plate and/or screw fixation were recruited from the outpatient Hand Clinic at Sydney 
Hospital following surgery by an independent recruiter not involved in the trial. The 
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sequence of allocation was generated by a member of the research team not involved in 
recruitment, and concealed in sealed opaque envelopes until after completion of baseline 
measurement. Participants were stratified according to severity of injury. “Complex” 
injuries were those fractures that required plate and/or screw fixation via a dorsal 
extensor tendon splitting approach; and/or were intra-articular fractures whereas “simple” 
injuries included all other fractures. Following baseline measurement, participants were 
randomly allocated from each stratum, via block randomization, to one of two groups: 
constrained synergistic wrist and finger exercises (experimental group) or unconstrained 
tendon gliding exercises (control group). Participants were measured at baseline within 1 
week post-operatively (Week 1), after 5 weeks of intervention (Week 6), and after a 
further 6 weeks of intervention (Week 12). A trained assessor who was blinded to group 
allocation conducted all measurements. Participants were discouraged from 
communicating about any part of their intervention to maintain assessor blinding and 
orthoses were removed before measurement. Outcomes were recorded on separate 
scoring sheets to avoid assessors having access to previous measures. Ethics approval 
was granted by the Human Research Ethics Committee, Northern Hospital Network, 
South Eastern Sydney Illawarra Area Health Service (ref no. 09/169, Appendix C) and 
the University of Sydney Human Research Ethics Committee (ref no. 12772, Appendix 
C). 
 
Participants, therapists 
All patients attending the outpatient Hand Clinic at Sydney Hospital following proximal 
phalangeal ORIF were invited to participate. Patients were included if they: were 
between 18-65 years of age, had a diagnosis of finger proximal phalangeal fracture 
stabilised via open reduction internal fixation (with plate and screw fixation or screw 
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fixation alone), and gave written informed consent. They were excluded if they had co-
morbidities including diabetes, active arthropathy, or enchondroma resulting in 
pathological fracture, concomitant tendon or nerve injury, other fracture, vascular injury 
or open fracture, a previous injury to the same finger with residual deformity, or 
psychological illness or cognitive impairments that interfered with the ability to 
understand the requirements of the study. They were also excluded if the time between 
fracture and surgical fixation was greater than two weeks, the time between surgical 
fixation and initial hand therapy was greater than one week, or they were followed up in 
another city. 
 
Therapists working at the Sydney Hospital Hand Unit were invited to act as treating 
therapists if they were working full time in the area of hand therapy at the time of 
involvement in the trial and had previous experience in management of proximal 
phalangeal fractures following ORIF, thereby including three senior and six junior 
therapists.  
 
Intervention 
All participants undertook 12 weeks of rehabilitation, the full details of which are 
included in Appendix F. This consisted of 40-minute supervised sessions, once per week, 
between Week 1-6 and 30 minute-sessions, once per week, between Week 6-12, which 
were augmented by a home program. Between Week 1-6, the program was aimed at 
decreasing swelling, decreasing pain, increasing range of motion, preventing scarring and 
preventing harm. Between Week 6-12, the program was aimed at the above, as well as 
increasing strength and increasing activity, with less need to focus on decreasing 
secondary harm. Specifically, this included as follows: 
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 decrease swelling  
o elevation (Week 1-6) 
o compression via Coban wrap and/or neoprene sleeve (Week 1-12)  
 increase range of motion 
o active exercises (Week 1-12) 
o stretches of PIP and MCP (Week 6-12) 
 decrease pain 
o warm water soaks (Week 2-12)  
 prevent scarring  
o scar massage (Week 1-12) 
o silicone gel sheet (Week 2-12)  
 prevent secondary harm 
o orthosis with wrist in 30 degrees extension, MCP in 70 degrees 
flexion, IP joints in 0 degrees extension for the injured and 
adjacent fingers (worn when at risk Week 1-4, overnight Week 1-
12) 
o education outlining activities that can be undertaken safely and 
those to avoid (Week 1-12) 
 increase strength 
o resistance increased from foam sponges to putty (Week 6-12)  
 increase hand use 
o light activities as tolerated (Week 1-6) 
o moderate activities as tolerated (Week 6-12). 
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The difference between the experimental and control groups was in the type of active 
exercises performed to increase joint range of motion, although the quantity was the 
same. The experimental group performed synergistic wrist and finger exercises with the 
MCP constrained in a removable orthosis (i.e., constrained exercises) for 10 repetitions, 6 
times a day (Figure 3.2). The orthosis was custom made and fabricated from 3.2 mm 
PolyflexTM thermoplastic material. The orthosis temporarily immobilised the MCP joints 
of all fingers of the injured hand in approximately 20 degrees of flexion. With the 
orthosis in situ, the interphalangeal joints and wrist remained unimpeded, and 
participants performed a sequence of active synergistic wrist and finger movements 
combining wrist flexion with finger interphalangeal extension and then wrist extension 
with finger interphalangeal flexion. 
 
Position 1 2 3 
 
   
Advice to 
patient 
Support your 
forearm with your 
other hand and 
extend your wrist 
 
Curl your fingers 
over the edge of 
the orthosis 
Continue to 
support your 
forearm as you 
bring your wrist to 
the neutral 
position  
 
Relax your 
fingers 
Supporting your 
forearm, flex 
your wrist 
forward 
 
At the same time 
straighten your 
fingers against 
the edge of the 
orthosis 
 
Figure 3.2: Synergistic wrist and finger exercises with the MCP constrained 
(experimental group) 
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In contrast, the control group performed finger exercises with the MCP unconstrained 
(i.e., unconstrained exercises) for 10 repetitions, 6 times a day (Figure 3.1). With the 
wrist in neutral, participants performed a sequence of active finger movements to five 
positions that combine the three finger joints in combinations of flexion and extension.  
 
All therapists delivering the intervention received training from an investigator (LM) 
prior to commencement of the trial, and booster sessions throughout the trial to maintain 
the integrity of the intervention. A manual was provided and kept in the therapists’ office 
for easy reference to intervention protocols that included week-by-week guidelines 
(Appendix F, Table F2). The investigator also undertook in-therapy teaching sessions and 
case discussions to ensure that the intervention was delivered correctly. Several aspects of 
the intervention were monitored to ensure fidelity and safety: amount of exercise, 
proficiency in exercise, and adverse events. Amount of exercise (reported number of 
exercise repetitions per day over the previous week) was collected at Weeks 6 and 12 by 
the assessor rather than the treating therapist in order to encourage truthfulness. 
Proficiency14 in exercise (ability to correctly perform the exercises without prompting) 
was recorded at Week 6 by the treating therapist rather than the assessor in order to 
maintain blinding. Adverse events such as re-fracture, infection, and non-union were 
recorded as they occurred by the therapist. 
 
Outcome measures 
The primary outcome was active PIP extension of the injured finger. Active PIP 
extension was measured using a hand-held Rolyan™ finger goniometer and reported in 
degrees. Participants sat with the elbow supported on a table and the forearm vertical. 
The measurer immobilised the wrist and MCP joints in a neutral posture (0 degrees) as 
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recommended by the American Society of Hand Therapists (Adams et al, 1992). If 
participants were unable to achieve neutral MCP extension at the baseline measure, then 
the angle of the MCP was recorded and replicated for measurements at Week 6 and Week 
12 to standardise the measures over time. Participants were then asked to “straighten the 
finger as much as possible within pain limitations” (maximal active extension). PIP angle 
was then measured via dorsal placement of the goniometer. Hyperextension was denoted 
as a positive figure. After training, reliability between the four assessors was evaluated 
using intra-class correlation coefficients (ICC) (see Appendix I for details). A series of 
three templates at varying angles of PIP extension were fitted to the volar surface of the 
finger, and assessors measured each of the resulting PIP angles three times, and repeated 
this on three separate occasions. There was excellent inter-rater reliability between 
assessors (ICC 0.99, 95% CI 0.97 to 1.0). 
 
Secondary outcomes at the impairment level were passive PIP extension; total active 
finger range of motion; strength, and pain; at the activity level was hand use; and at the 
participation level was return to work.  
 
Passive PIP extension was measured using the same method as active PIP extension 
except that the assessor passively positioned the PIP in passive extension until mild 
discomfort. Total active finger range of motion was calculated as the difference between 
composite extension and composite flexion. Again, measurements were taken using a 
hand-held RolyanTM finger goniometer and reported in degrees. Participants sat at a table 
with the elbow supported and the forearm vertical with the wrist in neutral (0 degrees). 
They were asked to “straighten the fingers as much as possible until mild discomfort”, 
and MCP, PIP and DIP joint angles were summed to give composite extension. 
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Participants were then asked to “make a fist with all the fingers as much as possible until 
mild discomfort” and MCP, PIP and DIP angles were summed to give composite flexion. 
All measurements were recorded via dorsal placement of the goniometer. 
 
Strength was measured using a commercially available calibrated JamarTM hydraulic hand 
dynamometer (J.A. Preston Corporation, Clifton, NJ) and reported in kilograms. 
Standardised procedures including handle position (second position), participant position 
(shoulder adducted, elbow 90 degrees flexion, neutral forearm and wrist in neutral 
position) (Fess, 1992) and verbal instruction (‘Are you ready? Squeeze as hard as you 
can. Harder!..... Harder!.... Relax’) (Mathiowetz et al, 1984) were followed. Participants 
were encouraged to stop squeezing at mild discomfort to minimise the risk of injury to 
healing tissues. Three trials were performed for each hand, with 15 second rests between 
efforts. The best of the three trials was recorded. Grip strength was not measured at 
baseline as development of a maximal grip is contraindicated early after fracture fixation. 
 
Pain was measured both at rest and during activity. Pain at rest was measured using a 100 
mm visual analogue scale, with 0 mm representing ‘no pain’ and 100 mm representing 
‘worst pain imaginable’ (Tollison, 1989; McCaffery and Pasero, 1999). Pain with activity 
was assessed using the pain component of the patient rated wrist and hand evaluation 
(PRWHE) (MacDermid and Tottenham, 2004). Participants rated their pain on a scale of 
0-10 when doing a task with repeated wrist/hand movement and when lifting a heavy 
object, as well as at rest and at its worst. They were also asked to rate how often they had 
pain on a scale of 0-10. Their score for these 5 items was aggregated out of 50. Pain with 
activity was not measured at Week 1 as many of the activities described in the scale are 
contraindicated early after fracture fixation. 
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Hand use was measured using the function component of the PRWHE (MacDermid and 
Tottenham 2004). It is a 10-item questionnaire including questions assessing amount of 
difficulty experienced during specific hand activities like carrying a weight or cutting 
with a knife, as well as usual activities such as housework and recreation. Answers are 
aggregated into one score with a total possible score of 50. A high score reflects a poor 
outcome. The ICC reflecting the reliability of the PRHWE (including pain and function 
components) is 0.97 (95% CI 0.95 to 0.98) (MacDermid et al 1998). Hand use was not 
measured at Week 1 as many of the activities described in the scale are contraindicated 
early after fracture fixation. 
 
Participation in usual everyday work was measured via direct questioning. Participants 
were questioned as to whether they had returned to their usual everyday work and, if so, 
whether they were undertaking their full duties or modified duties. Participation was 
reported as proportion returned to work and proportion undertaking full duties. 
 
Data analysis 
Based on the published results from two studies that reviewed range of motion following 
proximal phalangeal ORIF (Horton et al, 2003; Page and Stern, 1998) we expected the 
control group to achieve an active PIP extension of 27 degrees from full extension (-27 
degrees, SD 15). We considered another 10-12 degrees of improvement (i.e., to -16 
degrees) to be clinically significant. To be able to detect this difference with 80% power 
we needed 30 participants per group. In order to account for 10% drop-outs during the 
study, a total sample of 66 participants was targeted (33 for each arm). In order to 
ascertain the clinical significance of the findings, the mean between-group difference 
  74 
(95% CI) was calculated for continuous outcomes and the risk difference (95% CI) was 
calculated for dichotomous outcomes. All participants’ data were analysed according to 
their group allocation irrespective of compliance to the intervention, i.e., via ‘intention-
to-treat’ analysis. SPSS V.21 for Mac (IBM Corporation, Armonk, NY, USA) was used 
for all statistical analysis. 
 
RESULTS 
Flow of participants, therapists, through the study 
155 consecutive patients returning to the Hand Clinic at Sydney Hospital following ORIF 
of a proximal phalangeal fracture of any finger were screened for eligibility between 
May 2010 and December 2013. Five were excluded due to co-morbidities, 26 due to 
concomitant tendon or nerve injury, other fracture, vascular injury or open fracture, and 8 
due to residual deformity from a previous injury to the same finger. Ten were excluded 
because the time between fracture and surgical fixation was greater than two weeks, 35 
because follow-up therapy was planned in another city and a further five patients declined 
to participate. The 66 eligible patients were stratified based on fracture severity and type 
of fixation into “complex” (n = 53) or “simple” (n = 13), prior to randomization. 
Participants (35 control group; 31 experimental group) were similar in sex, age, side of 
injury, location of injury, complexity of fracture and fixation type, and hand dominance 
at the commencement of the trial. The mean age of participants was 34 (SD 11) years and 
the mean time from surgery to hand therapy was 3.9 (SD 1.5) days. See Table 3.1 for a 
summary of the characteristics of the participants. 
  
  75 
Table 3.1 Baseline characteristics of participants and therapists 
Characteristic Randomised  Lost to Week 6 follow-
up 
 Lost to Week 12 follow-
up 
 Exp 
(n = 31) 
Con 
(n = 35) 
 Exp 
(n = 5) 
Con 
(n = 5) 
 Exp 
(n = 10) 
Con 
(n = 8) 
Participants         
Age (yr), mean (SD) 32 (9) 36 (12)  30 (10) 36 (12)  31 (12) 32 (12) 
Gender, n males (%) 23 (74) 24 (69)  4 (80) 2 (40)  7 (70) 4 (50) 
Occupation category, n (%)         
Sedentary 12 (38) 7 (20)  0 (0) 1 (20)  1 (10) 1 (13) 
Light 8 (26) 8 (23)  1 (20) 1 (20)  2 (20) 1 (12) 
Medium 4 (13) 11 (31)  0 (0) 2 (40)  2 (20) 4 (50) 
Heavy 4 (13) 5 (14)  2 (40) 0 (0)  3 (30) 0 (0) 
Very heavy 3 (10) 3 (9)  2(40) 0 (0)  2 (20) 1 (13) 
Other 0 (0) 1 (3)  0 (0) 1 (20)  0 (0) 1 (12) 
Dominant hand, n right (%) 28 (90) 31 (89)  5 (100) 4 (80)  5 (50) 6 (75) 
Injured hand, n right (%) 11 (35) 19 (54)  3 (60) 4 (80)  6 (60) 7 (88) 
Injury mechanism, n (%)         
Fall 4 (13) 7 (20)  1 (20) 1 (20)  1 (10) 1 (12) 
Sport 15 (48) 15 (43)  0 (0) 1 (20)  1 (10) 3 (38) 
Violence 6 (19) 4 (11)  3 (60) 1 (20)  4 (40) 2 (25) 
Crush 3 (10) 5 (14)  1 (20) 1 (20)  2 (20) 1 (13) 
MVA/BA 0 (0) 1 (3)  0 (0) 0 (0)  0 (0) 0 (0) 
Other 3 (10) 3 (9)  0 (0) 1 (20)  2 (20) 1 (12) 
Work-related injuries, n (%) 1 (3) 3 (9)  0 (0) 0 (0)  1 (10) 0 (0) 
Injured finger, n (%)         
Index  5 (16) 4 (11)  1 (20) 1 (20)  2 (20) 1 (12) 
Middle 8 (26) 2 (6)  2 (40) 0 (0)  4 (40) 1 (13) 
Ring 7 (23) 9 (26)  0 (0) 2 (40)  0 (0) 4 (50) 
Little 11 (35) 20 (57)  2 (40) 2 (40)  4 (40) 2 (25) 
Fracture location, n (%)         
Intra-articular base (MCP 
joint) 
3 (10) 6 (17)  0 (0) 0 (0)  0 (0) 1 (12) 
Extra-articular base 9 (29) 9 (25)  1 (20) 1 (20)  5 (50) 1 (13) 
Midshaft 7 (23) 10 (29)  2 (40) 3 (60)  3 (30) 4 (50) 
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Extra-articular distal 6 (19) 3 (9)  1 (20) 1 (20)  1 (10) 1 (13) 
Intra-articular distal (PIP 
joint) 
6 (19) 7 (20)  1 (20) 0 (0)  1 (10) 1 (12) 
Surgical approach, n (%)         
Lateral  3 (10) 3 (9)  1 (20) 0 (0)  1 (10) 0 (0) 
Dorsal (extensor splitting) 21 (68) 25 (71)  3 (60) 3 (60)  8 (80) 4 (50) 
B/T Lateral band and C/S 7 (23) 7 (20)  1 (20) 2 (40)  1 (10) 4 (50) 
Fixation screws (number), 
mean (SD) 
4 (2) 5 (2)  4 (2) 4 (2)  4 (2) 4 (2) 
Plate and screw fixation n, 
(%) 
11 (35) 21 (60)  1 (20) 3 (60)  5 (50) 4 (50) 
Stratification category, n 
complex (%) 
25 (81) 28 (80)  3 (60) 2 (50)  8 (80) 5 (63) 
Injury-surgery delay (days), 
mean (SD) 
6 (4) 7 (4)  8 (3) 7 (4)  5 (4) 6 (4) 
Surgery-therapy delay (days), 
mean (SD) 
4 (2) 4 (2)  4 (2) 3 (2)  5 (2) 3 (2) 
Therapists, n participants 
treated (%) 
        
1 13 (42) 15 (43)  2 (40) 1 (20)  4 (40) 1 (12) 
2 4 (13) 3 (9)  0 (0) 0 (0)  1 (10) 1 (13) 
3 2 (6) 4 (11)  0 (0) 1 (20)  0 (0) 1 (12) 
4 5 (16) 4 (11)  0 (0) 2 (40)  2 (20) 2 (25) 
5 1 (3) 2 (6)  1 (20) 0 (0)  1 (10) 0 (0) 
6 2 (6) 2 (6)  0 (0) 0 (0)  0 (0) 1 (13) 
7 1 (3) 4 (11)  0 (0) 1 (20)  0 (0) 2 (25) 
8 2 (6) 0 (0)  2 (40) 0 (0)  2 (20) 0 (0) 
9 1 (3) 1 (3)  0 (0) 0 (0)  0 (0) 0 (0) 
Exp = experimental group, Con = control group 
 
The flow of participants through the trial is shown in Figure 3.3. At Week 6, 26 
participants were analysed in the experimental group and 30 in the control group. Four 
participants in the experimental group and three in the control group failed to attend their 
scheduled appointment and were not contactable. One participant in the experimental 
group sustained another fracture in the same finger five weeks post-operatively when 
  77 
lifting a heavy object and was not assessed at Week 6. One participant in the control 
group requested to be withdrawn from the trial two days after enrolment, whilst another 
had sustained a concomitant injury and was a randomization error. At Week 12, 21 
participants were analysed in the experimental group, and 27 in the control group. A 
further five from the experimental group and three from the control group failed to attend 
their scheduled appointment and were not contactable at this time. Consequently, the 
primary outcome measure was obtained from 100% of participants at Week 1, 85% of 
participants at Week 6, and 73% of participants at Week 12. 
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Figure 3.3: Flow of participants through the trial 
 
  
 
Patients post stable ORIF finger proximal 
phalanx aged between 18-65 (n = 155) 
Excluded (n = 89) 
 Co-morbidities (n = 5) 
 Concomitant injury and/or open 
fracture (n = 26) 
 Pre-existing deformity (n = 8) 
 >2/52 delay to surgery (n = 10)  
 >1/52 delay to therapy (n = 0) 
 Unable to attend therapy at Sydney 
Hospital (n = 35) 
 Declined to participate (n = 5) 
Measured range of motion, pain, return to work 
(n = 66) 
 
Week 1 
Supervised  
(40 min x 1/wk) 
 Constrained ex 
 Usual care: decrease 
swelling and pain; increase 
ROM; prevent scarring and 
secondary harm. 
PLUS 
Unsupervised 
 Constrained ex  
(10 reps x 6/day) 
 Usual care: decrease 
swelling and pain; increase 
ROM; prevent scarring and 
secondary harm. 
Supervised  
(40 min x 1/wk) 
 Unconstrained ex 
 Usual care: decrease 
swelling and pain; increase 
ROM; prevent scarring and 
secondary harm. 
PLUS 
Unsupervised 
 Unconstrained ex  
(10 reps x 6/day) 
 Usual care: decrease 
swelling and pain; increase 
ROM; prevent scarring and 
secondary harm. 
Measured range of motion, strength, pain, hand use, return to work 
Experimental (n = 26)  Control (n = 30) 
Lost to Week 6 
follow-up 
 did not attend  
(n = 3) 
 withdrew 2/7 
post 
randomization  
(n  = 1) 
 randomization 
error  
( n = 1) 
Lost to Week 6 
follow-up 
 did not attend  
(n = 4) 
 refracture at 
Week 5  
(n = 1) 
Supervised  
(up to 30 min x 1/wk): 
 Constrained ex 
 Usual care: progression of 
Wk 1-6, strengthening ex 
PLUS 
Unsupervised 
 Constrained ex 
 Usual care: as per Wk 1-6 
plus isolated blocking ex; 
stretches; strengthening ex 
Supervised  
(up to 30 min x 1/wk): 
 Unconstrained ex 
 Usual care: progression of 
Wk 1-6, strengthening ex 
PLUS 
Unsupervised 
 Unconstrained ex 
 Usual care: as per Wk 1-6 
plus isolated blocking ex; 
stretches; strengthening ex 
 
Lost to Week 12 
follow-up 
 did not attend 
(n = 6) 
 withdrew 2/7 
post 
randomization  
(n  = 1) 
 randomization 
error  
( n = 1) 
Measured range of motion, strength, pain, hand use, return to work 
Experimental (n = 21)   Control (n = 27) 
Lost to Week 12 
follow-up 
 did not attend  
(n = 9) 
 refracture at 
Week 5  
(n = 1) 
 
Week 6 
 
Week 12 
Randomised (n=66) 
Experimental (n = 31)  Control (n = 35) 
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Adherence with trial method 
Adherence with intervention was measured in two ways – by amount of exercise 
undertaken and proficiency in exercise (Codori et al, 1992). In terms of amount of 
exercise undertaken, at Week 6, the experimental group performed 100% (6.0, SD 2.1) of 
the six prescribed exercise sessions per day compared with 95% (5.7, SD 2.3) for the 
control group. At Week 12, the experimental group performed 75% (4.5, SD 2.4) of their 
exercise sessions compared with 85% (5.1, SD 2.0) for the control group. In terms of 
proficiency in exercise, at Week 6 85% of the experimental group performed their 
exercises correctly compared with 100% of the control group.  
 
No adverse events occurred, however an external event led to the withdrawal of a 
participant (from the experimental group), who sustained a second fracture to the same 
finger after lifting a heavy object 5 weeks after surgery and underwent a further ORIF to 
correct the fracture. In addition, two participants (both from the experimental group) 
elected to undergo further surgery (tenolysis) due to dissatisfaction with their outcomes.  
 
Effect of intervention 
By Week 6, there was no significant between-group difference in improvement for: active 
PIP extension (2 degrees, 95% CI -3 to 7); passive PIP extension (4 degrees, 95% CI -2 
to 10); total active finger range of motion (0 degrees, 95% CI -22 to 22); pain at rest (0.0 
cm, 95% CI -1.0 to 1.0); pain with activity (0/50, 95% CI -4 to 4); and strength (-2 kg, 
95% CI -8 to 4) (Table 3.2). There was also no between-group difference in activity (-
1/50, 95% CI -6 to 4) (Table 3.2) or return to work (-1%, 95% CI -18 to 15) (Table 3.3). 
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By Week 12, there was no significant between-group difference in improvement for: 
active PIP extension (4 degrees, 95% CI -4 to 12); passive PIP extension (4 degrees, 95% 
CI -3 to 11); total active finger range of motion (-2 degrees, 95% CI -27 to 23); pain at 
rest (0.5 cm, 95% CI -0.7 to 1.7); pain with activity (2/50, 95% CI -2 to 6); and strength 
(1 kg, 95% CI -6 to 8) (Table 3.2). There was also no between-group difference in 
activity (1/50, 95% CI -2 to 4) (Table 3.2), or return to work (4%, 95% CI -12 to 18) 
(Table 3.3) between groups. 
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Table 3.2 Mean (SD) of groups, mean (SD) difference within groups, and mean (95% CI) difference between groups 
Outcome Groups  Difference within groups  Difference between groups 
 Week 1  Week 6  Week 12  Week 6 minus 
Week 1 
 Week 12 minus 
Week 1 
 Week 6 minus 
Week 1 
 Week 12 
minus Week 1 
 Exp 
(n = 31) 
Con 
(n = 35) 
 Exp 
(n = 26) 
Con 
(n = 30) 
 Exp 
(n = 21) 
Con 
(n = 27) 
 Exp Con  Exp Con  Exp-Con  Exp-Con 
Active ROM                   
PIP ext 
(deg) 
-20 
(10) 
-20 
(9) 
 -14 
(9) 
-16 
(11) 
 -11 
(11) 
-15 
(13) 
 6 
(9) 
4 
(11) 
 10 
(15) 
6 
(13) 
 2 
(-3 to 7) 
 4 
(-5 to 12) 
Total  
(deg) 
78 
(28) 
70 
(34) 
 190 
(43) 
179 
(40) 
 222 
(39) 
206 
(42) 
 109 
(42) 
109 
(39) 
 138 
(41) 
140 
(43) 
 0 
(-21 to 22) 
 -2 
(-27 to 23) 
Passive ROM                   
PIP ext 
(deg) 
-13 
(9) 
-12 
(10) 
 -4 
(9) 
-5 
(9) 
 -3 
(9) 
-5 
(9) 
 10 
(10) 
6 
(11) 
 11 
(11) 
7 
(12) 
 4 
(-2 to 10) 
 4 
(-3 to 11) 
Pain                   
At rest (VAS) 
(cm) 
2.0 
(1.8) 
2.4 
(2.1) 
 0.6 
(0.8) 
1.0 
(1.3) 
 0.9 
(1.4) 
0.7 
(1.1) 
 -1.3 
(1.7) 
-1.3 
(2.0) 
 -1.1 
(1.6) 
-1.6 
(2.3) 
 0.0 
(-1.0 to 1.0) 
 0.5 
(-0.7 to 1.7) 
During activity (PRWHE)  
(0 to 50) 
- 
 
- 
 
 13 
(7) 
13 
(8) 
 11 
(6) 
9 
(6) 
       1 
(-3 to 5) 
 2 
(-2 to 5) 
Strength                   
Grip strength 
(kg) 
- 
 
- 
 
 26 
(11) 
28 
(11) 
 34 
(12) 
33 
(11) 
       -2  
(-8 to 4) 
 1 
(-6 to 7) 
Activity limitations                   
Difficulty with hand use 
(PRWHE)  
(0 to 50) 
- 
 
- 
 
 11 
(9) 
12 
(10) 
 6 
(6) 
5 
(5) 
       -1 
(-6 to 4) 
 1 
(-2 to 4) 
Exp = experimental group, Con = control group, PIP = proximal interphalangeal joint, ROM = range of motion, VAS = visual analogue scale, PRWHE = patient rated wrist and 
hand evaluation.  
Note: for PIP extension, flexion is negative and extension is positive. 
Note: where there is no Week 1 measure, difference between groups calculated at Week 6 and at Week 12.
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Table 3.3 Number of participants (%) in each group and risk difference (95 % CI) 
between groups at Week 6 and Week 12. 
Outcome Groups Risk difference between groups 
 Week 6 Week 12 Week 6 Week 12 
 Exp 
(n = 26) 
Con 
(n = 30) 
Exp 
(n = 21) 
Con 
(n = 27) 
Exp relative to 
Con 
Exp relative to 
Con 
Return to work 
(total) 
24 
(92) 
28 
(93) 
21 
(100) 
26 
(96) 
-1% 
(-18 to 15) 
4% 
(-12 to 18) 
Return to work 
(full duties) 
20 
(77) 
20 
(67) 
19 
(90) 
25 
(93) 
10%  
(-13 to 32) 
-2% 
(-22 to 15) 
Exp = experimental group, Con = control group 
 
DISCUSSION 
This randomised clinical trial found no greater effect of synergistic wrist and finger 
exercises with the MCP constrained on active or passive PIP extension, total active finger 
range of motion, grip strength, pain, hand use or return to work compared to traditional 
finger exercises with the MCP unconstrained after ORIF of proximal phalangeal fracture 
by either Week 6 or Week 12. Although no difference in outcomes was found between 
the groups, both groups improved.  
 
There are various possible reasons for why no difference was found between the two 
groups. First, the exercises were only a small part of a comprehensive rehabilitation 
package, with the effect of type of exercise a percentage of overall outcome, making it 
difficult to detect a difference between groups. This is not unique to this trial, as most 
evaluated exercise programs occur in conjunction with other interventions, and following 
any upper limb fracture there are currently no high quality trials that have evaluated the 
effects of exercise alone on outcomes (Bruder et al, 2011).  
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Second, as both groups received exercise, we may have found no difference between 
types of exercises because the exercises were too similar to each other, and weren’t able 
to determine their individual effect compared with no exercise. This is also not unique to 
this trial, as it is rarely deemed ethical not to provide exercises following upper limb 
fracture, and only one trial to date has compared exercise (and advice) to no exercise 
(Kay et al, 2008). 
 
Third, it is also possible that the nature of the individuals investigated in this study made 
difference between groups difficult to detect. They had very little pain from the 
beginning, with many of them already returned to their work within the first weeks 
following surgery. Most were employed in either sedentary or light occupations. Whilst 
this may be more indicative of the inner city location of the assessment site than a true 
reflection of who sustains this injury, it could mean that return to work rates reported in 
this trial are higher than might occur in the wider population, as returning to office based 
work may be more feasible, and not as strictly monitored by employers, compared with 
returning to heavier roles. There were also few work-related injuries (6%), which may 
also partially explain why the early return to work rates are so high in this trial, compared 
to much longer delays (51 days) to return to work in those sustaining their finger fracture 
in the workplace (Salinas-Tovar, 2007). 
 
Finally, another factor may have been the position of the MCP in the orthosis in the 
constrained exercise group. Flexion of the MCP has been recommended to facilitate PIP 
extension following proximal phalangeal ORIF (Freeland et al, 2003). In this position the 
muscle length-tension of the extrinsic extensor is optimised to extend the interphalangeal 
joints (Long, 1968), and the transverse metacarpal ligament enhances the function of the 
  84 
distal interossei by acting as a pulley and preventing them from becoming slack, further 
increasing the effectiveness of their action on interphalangeal extension (Austin, 2005). 
Together, these facilitate both the central slip and lateral bands to work in concert to 
extend the PIP (Freeland et al, 2003). Flexion of 20 degrees at the MCP was selected for 
this trial because it simultaneously prevented hyperextension at the MCP and proximal 
extensor tendon excursion (Hardy, 2004), while allowing for the ‘normal’ pattern of 
digital flexion, which is initiated with IP joint flexion (hook position), prior to any 
significant MCP flexion (Arbuckle & McGrouther 1995) (Figure 3.2, Position 1). 
However the optimum angle of flexion to block the MCP is unknown, and using an 
orthosis for the constrained exercises that positioned the MCP in a greater degree of 
flexion may have yielded a difference between groups. 
 
By Week 12, both groups had very little limitation to active or passive PIP extension and 
total active range of motion, excellent grip strength, minimal pain at rest and with 
activity, and minimal difficulty with hand use. This supports findings from a systematic 
review that exercise reduces impairment and improves activity in people with upper limb 
fractures (Bruder et al, 2011).  
 
In this trial, active PIP extension and total active range of motion outcome were greater 
than previously reported. When all participants were considered together at Week 12, 
mean active PIP extension was 13 (SD 12) degrees from full extension, and total active 
range of motion was 213 (SD 41) degrees. This compares favourably to mean PIP 
extension of 27 degrees from full extension, 40 months following screw fixation, 
previously reported in a randomised controlled trial comparing screw fixation with K-
wire fixation of proximal phalangeal fractures (Horton et al, 2003). In that trial, injured 
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fingers were “mobilised” for five minutes every hour from two days after surgery, 
although the definition of mobilised was not detailed. Our results also compare 
favourably to a retrospective audit where only 11% of patients had >220 degrees total 
active range of motion and 38% of patients had loss of PIP extension >35 degrees or total 
active range of motion < 180 degrees seven months following proximal phalangeal ORIF 
(Page and Stern 1998). Post-operative intervention was also not detailed in that review.  
 
A limitation of the trial was that over a quarter of the participants were lost to the Week 
12 follow-up. However, there was no systematic difference in characteristics of the 
participants who were lost to follow-up than those who attended all measurements. 
Participant withdrawal is a real challenge that clinicians face when managing people with 
traumatic injuries whose other life demands continue despite the unplanned injury, 
limiting attendance at follow-up therapy appointments once the acute period has passed. 
A further limitation of this study is that, while all measurement procedures were 
conducted by blinded assessors, it was not possible to blind participants to their 
intervention. Although participants in the control group were not aware of the exercises 
being prescribed to the experimental group (and vice versa), if they had been given the 
opportunity to see the alternate exercise type, they would have easily been able to 
distinguish between them.  
 
There are two main clinical implications from this study. First, constrained exercises have 
previously been viewed as placing more stress across healing fractures than 
unconstrained exercises, and have traditionally been used to try to change stiffness once it 
has already developed. The lack of adverse events in the experimental group suggests that 
it is safe to introduce constrained exercises within the first week post-operatively. 
  86 
Second, although neither exercise program was superior to the other, participants in both 
groups had better outcomes than previously reported, suggesting that the frequency and 
duration of both rehabilitation programs was beneficial. However, there was variability in 
recovery as evidenced by large SD around the means, suggesting that other factors such 
as location and type of injury may have more effect on the outcome than post-operative 
intervention.  
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CHAPTER 4 
 
STUDY 3: PATIENT PERCEPTIONS OF OUTCOME SIX MONTHS AFTER 
PROXIMAL PHALANGEAL FRACTURE FIXATION: MEDIUM-TERM 
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INTRODUCTION 
In Chapter 3, there was no difference in outcome found between performing either 
synergistic wrist and finger exercises with the MCP constrained or finger exercises with 
the MCP unconstrained following proximal phalangeal ORIF in the short-term (6 and 12 
weeks following surgery). The aim of this chapter is to investigate whether there is a 
difference between these two alternative interventions on medium-term outcomes as 
perceived by the participants. 
 
Inadequate duration of follow-up is a “major problem for the external validity of 
randomised trials” as it is unknown whether initial response is a good predictor of longer 
term outcome (Rothwell, 2006). Therefore, although no between-group difference was 
found in the short-term, a medium-term follow-up at 6 months post-operation was 
deemed important to allow for any emergence of difference with the passage of time. 
Medium-term outcome at 6 months following proximal phalangeal ORIF has been 
previously reported as poor. In a retrospective review Page and Stern (1998) found only 
11% of patients had >220 degrees total active range of motion whilst 38% had loss of PIP 
extension >35 degrees or total active range of motion <180 degrees. They did not 
measure pain, strength, activity limitation or participation restriction in that study. 
 
Telephone interview was selected as the form of follow-up to provide the best chance of 
maximum data. Telephone data collection is valid (Morano et al, 2014; Valle et al, 2012) 
and “can replace paper administration in studies that do not require in-person 
examination” (Becker et al, 2013). This includes data collection via questionnaire 
(Morano et al, 2014; Valle et al, 2012). Morano et al (2014) found that a questionnaire 
had similar moderate-to-high measurement properties in telephone and face-to-face 
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interview, and Valle et al (2012) found that a questionnaire adapted for telephone 
interviews showed good reproducibility and adequate validity to distinguish between 
participants with and without a condition. 
 
Telephone interview also provided a means of collecting self-evaluation of outcome 
rather than assessor evaluation. To determine how this injury and subsequent surgery 
impacts someone’s life in a way that is meaningful to them, self-evaluation of outcomes 
is valuable. Whilst clinical trials and evaluative studies should incorporate the patient's 
perspective of outcome (Stevens et al, 2001), it is not known how people perceive their 
own range of motion relative to their uninjured side, and little is known about how they 
perceive their pain, activity limitations and participation restrictions in the longer term 
after this surgery. 
 
Therefore whilst the same impairments (except for strength), activity limitations and 
participation restrictions were measured as previously (i.e., active range of motion, pain, 
hand use, return to work), there was a change to the way range of motion and return to 
work were measured at the 6-month follow-up. First, rather than actual range of motion 
measured with goniometry, perceived range of motion was measured by asking 
participants to compare their motion to their contralateral side. Second, instead of asking 
when participants had returned to work, they were asked about the amount of difficulty 
they had in performing work. Lastly, pain and hand use were measured using the same 
questionnaire as previously. Specifically, the research questions were: 
1. Does 12 weeks of synergistic wrist and finger exercises with the MCP constrained 
in an orthosis immediately following proximal phalangeal ORIF result in greater 
perceived finger range of motion, less pain with activity, greater hand use and less 
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difficulty performing work than finger exercises with the MCP unconstrained six 
months later? 
2. Does type of exercise effect whether participants lose, retain, or improve their 
range of motion after discharge from therapy? 
 
METHOD 
Design 
This study completes the medium-term follow-up component of the randomised trial 
outlined in the previous chapter. Telephone interviews were undertaken by a researcher 
who was not blinded to group allocation and were approved by the relevant institutions’ 
Ethics Committees. 
 
Participants, therapists 
All patients attending the outpatient Hand Clinic at Sydney Hospital following proximal 
phalangeal ORIF were invited to participate. Inclusion and exclusion were based on 
criteria outlined in Study 2 (Chapter 3). 
 
Intervention 
Following measurements at Week 1, all participants undertook 12 weeks of rehabilitation 
with the difference between the experimental and control groups being the type of active 
exercises performed, as outlined in Study 2 (Chapter 3). Following measurements at 
Week 12, participants were discharged from therapy unless ongoing deficits at the 
impairment, activity or participation level persisted. Once discharged, they were 
encouraged to continue elements of their home program that prevented any deterioration 
in their outcomes at discharge, and were advised to contact their therapist for review if 
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they were not continuing to gradually improve over time. 
 
Outcome measures 
Active finger extension was measured with two questions. First, participants were asked 
whether they were able to “completely straighten their injured finger so that it was a 
straight as the same finger on their other hand?” Second, to gauge whether results at the 
end of therapy had been retained, improved, or worsened, participants were asked to 
report whether they could “straighten the finger the same, more, or less” than at their final 
therapy visit.  
 
Active finger flexion was also measured with two questions. First, participants were 
asked whether they were able to “completely bend their injured finger into a fist shape to 
the same amount as the same finger on their other hand?” Second, to gauge whether 
results at the end of therapy had been retained, improved, or worsened, participants were 
asked to report whether they could “bend the finger into a fist shape the same, more, or 
less” than at their final therapy visit.  
 
Pain with activity and hand use were measured using the pain and function components 
of the PRWHE respectively (MacDermid and Tottenham, 2004), as outlined in Study 2 
(Chapter 3).  
 
Participation in work was measured in a novel manner, by asking participants to rate the 
amount of difficulty they experienced performing their work on a 10-point scale, with 0 
being “no difficulty” and 10 being “unable to perform”.  
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Data analysis 
In order to ascertain the clinical significance of the findings, the mean between-group 
difference (95% CI) was calculated for continuous outcomes and the risk difference (95% 
CI) was calculated for dichotomous outcomes. All participants’ data were analysed 
according to their group allocation irrespective of compliance to the intervention, i.e., via 
‘intention-to-treat’ analysis. 
 
RESULTS 
Flow of participants, therapists, through the study 
The flow of participants through the trial is shown in Figure 4.1. Up to and including 
Week 12, the flow of participants through the trial is the same as outlined in Study 2 
(Chapter 3). At Month 6, 40 participants were analysed. One participant from the control 
group had elected to withdraw from the trial and signed a withdrawal form, and another 
participant from the control group had been an inclusion error (concomitant injury not 
detected at the time of inclusion). Attempts were made to contact all other participants 
(n=64), even if they had failed to attend their 6 or 12 week follow-up appointment. 
Twenty-six were not contactable or did not return messages or emails left for them. 
Consequently, outcome measures were obtained from 40 (63%) participants at Month 6. 
See Table 4.1 for a breakdown of the characteristics of all randomised participants and 
also those lost to follow-up at Month 6. 
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Figure 4.1: Flow of participants through the trial 
 
  
 
Patients post stable ORIF finger proximal 
phalanx aged between 18-65 (n = 155) 
Excluded (n = 89) 
 Co-morbidities (n = 5) 
 Concomitant injury and/or open 
fracture (n = 26) 
 Pre-existing deformity (n = 8) 
 >2/52 delay to surgery (n = 10)  
 >1/52 delay to therapy (n = 0) 
 Unable to attend therapy at Sydney 
Hospital (n = 35) 
 Declined to participate (n = 5) 
Measured range of motion, pain, return to work 
(n = 66) 
 
Week 1 
Supervised  
(40 min x 1/wk) 
 Constrained ex 
 Usual care  
PLUS 
Unsupervised 
 Constrained ex  
(10 reps x 6/day) 
 Usual care 
Supervised  
(40 min x 1/wk) 
 Unconstrained ex 
 Usual care 
PLUS 
Unsupervised 
 Unconstrained ex  
(10 reps x 6/day) 
 Usual care 
Measured range of motion, strength, pain, hand use, return to work 
Experimental (n = 26) Control (n = 30) 
Lost to Wk 6 follow-up 
 did not attend  
(n = 3) 
 withdrew 2/7 post 
randomization  
(n  = 1) 
 randomization 
error  
( n = 1) 
Lost to Wk 6 follow-
up 
 did not attend  
(n = 4) 
 refracture at Week 
5  
(n = 1) 
Supervised  
(up to 30 min x 1/wk): 
 Constrained ex 
 Usual care 
PLUS 
Unsupervised 
 Constrained ex 
 Usual care: as per 
Wk 1-6 plus isolated 
blocking ex; 
stretches; 
strengthening ex 
Supervised  
(up to 30 min x 1/wk): 
 Unconstrained ex 
 Usual care 
 PLUS 
Unsupervised 
 Unconstrained ex 
 Usual care: as per Wk 
1-6 plus isolated 
blocking ex; stretches; 
strengthening ex 
Lost to Wk 12 follow-
up 
 did not attend 
(n = 6) 
 withdrew 2/7 post 
randomization  
(n  = 1) 
 randomization 
error  
( n = 1) 
Measured range of motion, strength, pain, hand use, return to work 
Experimental (n = 21) Control (n = 27) 
Lost to Wk 12 follow-
up 
 did not attend  
(n = 9)  
 refracture at Wk 5  
(n = 1) 
 
Week 6 
 
Week 12 
Randomised (n = 66) 
Experimental (n = 31)  Control (n = 35) 
Measured perceived range of motion, pain, hand use, return to work 
Experimental (n = 20) Control (n = 20) 
Unsupervised 
 Encouraged to 
continue elements of 
program that prevent 
any deterioration 
 To contact therapist 
if regressing 
Unsupervised 
 Encouraged to 
continue elements of 
program that prevent 
any deterioration 
 To contact therapist 
if regressing 
 
Week 26 
Lost to Wk 26 
follow-up 
 did not respond 
to phone call  
(n = 11)  
 
Lost to Wk 26 follow-
up 
 withdrew 2/7 post 
randomization  
(n  = 1) 
 randomization 
error  
( n = 1) 
 did not respond to 
phone call 
(n = 13) 
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Table 4.1 Baseline characteristics of participants 
Characteristic Randomised  Lost to 6-month follow-up 
 Exp 
(n = 31) 
Con 
(n = 35) 
 Exp 
(n = 11) 
Con 
(n = 15) 
Participants      
Age (yr), mean (SD) 32 (9) 36 (12)  30 (11) 34 (11) 
Gender, n males (%) 23 (74) 24 (69)  7 (64) 10 (67) 
Occupation category, n (%)      
Sedentary 12 (38) 7 (20)  2 (18) 3 (20) 
Light 8 (26) 8 (23)  4 (36) 1 (7) 
Medium 4 (13) 11 (31)  2 (18) 6 (40) 
Heavy 4 (13) 5 (14)  1 (9) 2 (13) 
Very heavy 3 (10) 3 (9)  2 (18) 2 (13) 
Other 0 (0) 1 (3)  0 (0) 1 (7) 
Injured finger, n (%)      
Index  5 (16) 4 (11)  2 (18) 2 (13) 
Middle 8 (26) 2 (6)  5 (45) 1 (7) 
Ring 7 (23) 9 (26)  1 (9) 4 (27) 
Little 11 (35) 20 (57)  3 (27) 8 (53) 
Injured hand, n right (%) 11 (35) 19 (54)  5 (45) 10 (67) 
Dominant hand, n right (%) 28 (90) 31 (89)  10 (91) 12 (80) 
Injury mechanism, n (%)      
Fall 4 (13) 7 (20)  2 (18) 4 (27) 
Sport 15 (48) 15 (43)  3 (27) 5 (33) 
Violence 6 (19) 4 (11)  2 (18) 2 (13) 
Crush 3 (10) 5 (14)  2 (18) 2 (13) 
MVA/BA 0 (0) 1 (3)  0 (0) 1 (7) 
Other 3 (10) 3 (9)  2 (18) 1 (7) 
Fracture location, n (%)      
Intra-articular base (MCP joint) 3 (10) 6 (17)  0 (0) 2 (13) 
Extra-articular base 9 (29) 9 (25)  6 (55) 3 (20) 
Midshaft 7 (23) 10 (29)  3 (27) 5 (33) 
Extra-articular distal 6 (19) 3 (9)  0 (0) 2 (13) 
Intra-articular distal (PIP joint) 6 (19) 7 (20)  2 (18) 3 (20) 
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Surgical approach, n (%)      
Lateral  3 (10) 3 (9)  2 (18) 1 (7) 
Dorsal (extensor splitting) 21 (68) 25 (71)  9 (81) 11 (73) 
B/T Lateral band and C/S 7 (23) 7 (20)  0 (0) 3 (20) 
Fixation screws (number), mean 
(SD) 
4 (2) 5 (2)  4 (2) 5 (2) 
Plate and screw fixation n, (%) 11 (35) 21 (60)  5 (45) 9 (56) 
Stratification category, n complex 
(%) 
25 (81) 28 (80)  10 (91) 12 (80) 
Injury-surgery delay (days), mean 
(SD) 
6 (4) 7 (4)  5 (4) 7 (4) 
Surgery-therapy delay (days), 
mean (SD) 
4 (2) 4 (2)  4 (2) 4 (1) 
Work-related injuries, n (%) 1 (3) 3 (9)  1 (9) 1 (7) 
Therapists, n participants treated (%)      
1 13 (42) 15 (43)  4 (36) 4 (27) 
2 4 (13) 3 (9)  1 (9) 2 (13) 
3 2 (6) 4 (11)  1 (9) 2 (13) 
4 5 (16) 4 (11)  3 (27) 2 (13) 
5 1 (3) 2 (6)  1 (9) 1 (7) 
6 2 (6) 2 (6)  0 (0) 1 (7) 
7 1 (3) 4 (11)  0 (0) 3 (20) 
8 2 (6) 0 (0)  1 (9) 0 (0) 
9 1 (3) 1 (3)  0 (0) 0 (0) 
 
 
Effect of intervention on self-reported range of motion, pain and activity limitation 
At six months, there was no significant between-group difference in the proportion of the 
experimental group with perceived ability to make a full fist shape with the injured finger 
(20%, 95% CI -3 to 42) or completely straighten the injured finger (25%, 95% CI -4 to 
49) than the control group (Table 4.2). There was also no between-group difference in 
pain with activity (1/50, 95% CI -4 to 6), hand use (1/50, 95% CI -1 to 3) or difficulty 
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with work (0.2/10, 95% CI -0.5 to 0.8) (Table 4.3). 
 
Table 4.2 Number of participants (%) in each group and risk difference (95 % CI) 
between groups at 6 months 
Outcome Groups  Risk difference between groups 
 Exp 
(n = 20) 
Con 
(n = 20) 
 Exp relative to Con 
Extension      
No loss compared 
with Wk 12 
20 
(100) 
18 
(90) 
 10%  
(-8 to 30) 
Full range 9 
(45) 
4 
(20) 
 25%  
(-4 to 49) 
Flexion      
No loss compared 
with Wk 12 
20 
(100) 
19 
(95) 
 5%  
(-12 to 23) 
Full range 19 
(95) 
15 
(75) 
 20%  
(-3 to 42) 
Exp = experimental group, Con = control group 
 
Table 4.3 Mean (SD) of groups, and mean (95% CI) difference between groups at 6 
months 
Outcome Groups  Difference between groups 
 Exp 
(n = 20) 
Con 
(n = 20) 
 Exp minus Con 
Pain     
During activity 
(PRWHE)  
(0 to 50) 
7 
(8) 
6 
(6) 
 1  
(-4 to 6) 
Activity limitations     
Difficulty with 
hand use 
(PRWHE)  
(0 to 50) 
3 
(4) 
2 
(3) 
 1  
(-1 to 3) 
Participation 
restrictions 
    
Difficulty with 
work  
(0 to 10) 
0.5 
(1.2) 
0.3 
(0.7) 
 0.2  
(-0.5 to 0.8) 
Exp = experimental group, Con = control group, PRWHE = patient rated wrist and hand evaluation.  
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Effect of intervention on perceived loss, retention, or improvement of range of 
motion after discharge from therapy 
 
At six months there was also no significant between-group difference in the proportion of 
experimental group who perceived they had retained or improved finger extension (i.e., 
no loss of extension) (10%, 95% CI -8 to 30) and finger flexion (i.e., no loss of flexion) 
(5%, 95% CI -12 to 23) following discharge from therapy, than in the control group 
(Table 4.2).  
 
DISCUSSION 
This medium-term follow-up of a randomised controlled trial found no greater effect of 
synergistic wrist and finger exercises with the MCP constrained on perceived ability to 
make a full fist shape or to completely straighten the injured finger; pain with activity; 
hand use or difficulty with work by Week 26. Although no statistically significant 
difference in outcomes was found between the groups, there was a trend toward the 
experimental group perceiving they were able to achieve full extension and flexion of the 
injured finger more than the control group. This medium-term follow-up also found no 
greater effect of synergistic wrist and finger exercises with the MCP constrained on 
perceived retention or improvement in range of motion following discharge from therapy 
after ORIF of proximal phalangeal fracture.  
 
Overall, pain, activity limitation and work participation difficulties were minimal for 
participants in both groups at this medium-term follow-up point. For range of motion, 
whilst most people in both groups reported that their finger flexion did not worsen 
following discharge, almost all in the experimental group could make a full fist by the 
medium-term follow-up point, with 20% fewer in the control group achieving this. 
However although a high proportion of participants in both groups also reported that their 
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finger extension did not worsen following discharge, less than half of those in the 
experimental group and only a quarter of those in the control group could attain full 
extension by Week 26, indicating how difficult it is to achieve this motion, and 
displaying a trend toward better perceived outcome in the experimental group.  
 
When all participants were considered together, these outcomes are favourable compared 
with those previously reported in the medium and long-term following ORIF of proximal 
phalangeal fracture. For example, in one retrospective review (Page & Stern, 1998) at the 
same time (six months post-operatively), 62% of patients achieved a poor total active 
range of motion of <180°. Slightly later, in another retrospective review (Kurzen et al, 
2006) of 55 patients at 10 months post-operatively, 36% of patients had a similarly poor 
range of motion outcome. They also reported that 27% of patients had persistent pain in 
the injured finger or hand. Much later, in the ORIF group of a randomised trial (Horton et 
al 2003) at 3.3 years post-operatively, although pain and hand use were similar to the 
present study, range of motion was still poor. Only 55% of total active range of motion 
was regained, with mean fingertip to palm distance of 13 mm (range 0-50), indicating an 
inability to make a full fist. There may be several explanations for the superior outcomes 
in range of motion in the present study. First, the participants in the present study may be 
different from those in previous studies. For example the majority of participants in the 
present study were white-collar workers with non-manual jobs whose employers 
generally allowed earlier return to work than the employers of blue-collar workers. This 
earlier return to work potentially encouraged earlier hand use, facilitating recovery of 
range of motion. Second, surgical techniques have improved since the publication of the 
previous studies. Lastly, rehabilitation was best practice in that it started early, was 
intensive, and exercise performance and frequency was closely monitored. 
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A limitation of this study was that over a third of the participants were lost to the Week 
26 follow-up. Whilst a telephone interview rather than direct contact was selected for this 
medium-term follow-up in order to reduce the burden on participants and minimise loss 
to follow-up, participant withdrawal was a challenge. People with traumatic injuries 
whose other life demands continue despite their unplanned injury are often difficult to 
contact and engage once the acute period has passed. Although dropouts were more 
numerous than is desirable, they were similar across groups, apart from dropouts in the 
experimental group having a slightly higher percentage of middle finger fractures and 
extra-articular basal fractures than the control group. Furthermore, overall, dropouts were 
not dissimilar in baseline characteristics to the whole sample, meaning the results of the 
analysed participants are representative of the larger group. Another limitation is that the 
active finger range of motion outcomes gathered via telephone interview in this study 
were participant perceptions, making direct comparison with the study in the previous 
chapter, as well as other medium and long-term studies difficult. A further limitation is 
that, while all measurements were taken by blinded assessors at Weeks 1, 6 and 12, the 
assessor for the Week 26 telephone interviews was not blinded to group allocation, which 
is a source of potential bias. However, the outcomes at 6 months were all participant 
perceptions of impairment, activity limitation and participation restriction measured using 
self-report and should therefore not be influenced by the nature of data of collection, and 
a standard script was followed in order to limit any potential for bias during the 
interviews. Finally, it was also not possible to blind participants to their intervention. 
 
The findings from this study have significant clinical implications. First, although neither 
exercise program was significantly superior to the other, the trend toward more 
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participants in the experimental group perceiving ability to achieve full extension at this 
medium-term follow-up point suggests that performing synergistic wrist and finger 
exercises with the MCP constrained may have a greater medium-term benefit than 
performing finger exercises with the MCP unconstrained. Second, although less than half 
the participants overall regained full extension of the injured finger, activity limitation 
was minimal, indicating that for many tasks of daily living, regaining extension equal to 
the uninjured finger may not be required. Last, most participants did not perceive that 
either flexion or extension of the injured finger worsened following discharge from 
rehabilitation at Week 12, indicating that any intervention beyond that time aimed at 
preventing a worsening contracture may not be warranted.  
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CHAPTER 5 
STUDY 4: PATTERN OF RECOVERY FOLLOWING OPEN REDUCTION AND 
INTERNAL FIXATION OF FINGER PROXIMAL PHALANGEAL FRACTURE: 
A PROSPECTIVE LONGITUDINAL STUDY 
 
INTRODUCTION 
 
METHOD 
 Design 
 Participants, therapists 
 Outcome measures 
 Data analysis 
 
RESULTS 
 Flow of participants through the study 
 Characteristics of participants requiring ORIF of proximal phalangeal 
fracture 
 Pattern of recovery 
 Relationship between exercise adherence and outcome 
 
DISCUSSION 
 
Sections of the work presented in this chapter has been presented: 
 Miller L, Crosbie J, Wajon A (2012) Recovery of motion after fixation of 
proximal phalangeal fracture. Australian Hand Therapy Association Annual 
Conference (National), Adelaide, SA 
Winner of Australian Hand Surgery Society prize for best research paper at 
conference 2012 
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 Miller L, Crosbie J, Wajon A (2012) Recovery of motion after fixation of 
proximal phalangeal fracture. New South Wales Hand Surgery Association 
Annual Conference, Blue Mountains, NSW 
Awarded best clinical paper at conference 2012 
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INTRODUCTION 
In Chapters 3 and 4, there was no difference found between performing either synergistic 
wrist and finger exercises with the MCP constrained or finger exercises with the MCP 
unconstrained on outcome following proximal phalangeal ORIF in the immediate post-
intervention or medium term. The aim of this chapter is to map the recovery of range of 
motion, pain, strength, activity and participation over the course of the first 26 weeks 
following proximal phalangeal fracture fixation. Hand rehabilitation to minimise 
oedema, pain and stiffness, and maximise range of motion and return to pre-injury roles 
and activities is routinely implemented following ORIF of unstable proximal phalangeal 
fractures. Whilst some outcomes have been reported following this rehabilitation, little 
quantitative data exists describing the nature of the problem prior to its commencement, 
and the changes that occur over the course of rehabilitation. In addition to mapping 
recovery over the course of the first 26 weeks following proximal phalangeal fracture 
fixation, we also wanted to determine which demographic group and which finger was 
most likely to sustain proximal phalangeal fracture requiring internal fixation. 
Furthermore, adherence to prescribed home exercise has been found to be moderately-to-
strongly associated with more favourable outcomes after distal radius fracture (Lyngcoln 
et al, 2005), among patients with advanced heart failure (Evangelista, 2010), and in 
patients with OA of the hip and/or knee (Pisters et al, 2010). However its effect on 
outcomes following proximal phalangeal ORIF is unknown, and another goal was to 
determine if there was a relationship between exercise adherence and outcome in this 
population. Specifically, the research questions were: 
1. What are the characteristics of participants requiring ORIF of proximal 
phalangeal fracture in terms of gender, finger most commonly involved, 
impairment and participation restrictions?  
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2. What is the pattern of recovery following ORIF of proximal phalangeal 
fractures? 
3. Is recovery related to adherence to rehabilitation?  
 
METHOD 
Design 
A prospective cross-sectional longitudinal study was obtained by combining both groups 
from the randomised trial that was approved by the relevant institutions’ Ethics 
Committees and informed consent was obtained from all participants. People with 
fracture of the proximal phalangeal bone of the finger who required ORIF via plate 
and/or screw fixation were recruited from the outpatient Hand Clinic at Sydney Hospital 
following surgery by an independent recruiter. Participants were measured within 1 week 
post-operatively (Week 1), at 6 weeks (Week 6), 12 weeks (Week 12) and 6 months post-
operatively (Week 26). All measurements were conducted by hand physiotherapists who 
had received training to ensure standardisation of measurement techniques. Measured 
prior to the commencement of the study, the inter-rater reliability for measuring finger 
range of motion for the four assessors was very high, with even the first (worst) attempt 
demonstrating excellent consistency (ICC = 0.98, CI = 0.89 to 1.00).  
 
Participants, therapists 
All patients attending the outpatient Hand Clinic at Sydney Hospital following proximal 
phalangeal ORIF were invited to participate. Inclusion and exclusion were based on 
criteria outlined in Study 2 (Chapter 3). 
 
Participants underwent ORIF of a proximal phalangeal finger fracture via either plate and 
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screws or screws alone prior to recruitment. The fracture site could be anywhere within 
the proximal phalanx, including intra-articular fractures. The surgical approach to the 
fracture site could be lateral (extensor tendon sparing), dorsal (extensor tendon splitting), 
or distal (between the central slip and the lateral band). Following measurements at Week 
1, all participants received weekly supervised rehabilitation sessions in the Hand Therapy 
Unit with a physiotherapist or occupational therapist. During these sessions (supervised) 
they performed hand exercises, and were provided with education regarding their injury, 
oedema control techniques and scar management techniques. They were also provided 
with a hand based orthosis in the position of safe immobilization including the injured 
and adjacent fingers, advice on how to care for it, and when to wear it (overnight until 
Week 12 and “at risk” times until Week 6). Their home program (unsupervised) was to 
complete ten repetitions of the exercises at a frequency of six times per day, wear the 
resting orthosis as advised, and perform scar and oedema management techniques as 
taught. They were also encouraged to perform light pain-free activities as able out of the 
resting orthosis. After Week 6, they were taught isolated finger joint blocking exercises, 
graded strengthening and gentle stretches that they performed in therapy sessions and as 
part of their home program. 
 
Outcome measures 
Outcome measures included total active finger range of motion, active PIP extension, 
pain (both at rest and during activity), strength, hand use and participation in usual 
everyday work. These measures were all taken as outlined in Study 2 (Chapter 3). 
 
Additionally, exercise adherence was measured in two ways – by amount of exercise 
undertaken (Basset, 2003) and proficiency in exercise (Codori et al, 1992). Amount of 
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exercise undertaken was measured by the independent assessor asking participants how 
many exercise sessions per day they had performed over the past week (measured at 
Week 6 and Week 12). Proficiency in exercise was measured by the treating hand 
therapist judging whether or not the participant was able to perform their hand exercises 
as prescribed without prompting from the treating hand therapist (measured at Week 6).  
 
Data analysis 
Descriptive analysis of data was undertaken including determination of mean and 
standard deviation using SPSS Version 21. Correlation between two interval variables 
was determined using Pearsons test, and between an interval and a categorical variable 
via point biserial correlation using Pearsons test on SPSS Version 21. To ascertain the 
gender characteristics of patients requiring ORIF of proximal phalangeal fracture 
analysis was performed on pooled data for all 155 patients who were screened. All other 
analyses were performed on the participants for whom there was complete longitudinal 
data.  
 
RESULTS 
Flow of participants through the study 
The flow of participants through the study is shown in Figure 5.1. 155 consecutive 
patients returning to the Hand Clinic at Sydney Hospital following ORIF of a proximal 
phalangeal fracture of any finger were screened for eligibility between May 2010 and 
December 2013. Five were excluded due to co-morbidities, 26 due to concomitant tendon 
or nerve injury, other fracture, vascular injury or open fracture, and eight due to having 
residual deformity following a previous injury to the same finger. Ten were excluded 
because the time between fracture and surgical fixation was greater than two weeks, 35 
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were excluded because follow-up therapy was planned in another city, and a further five 
patients declined to participate. The 66 eligible patients were similar in age and sex to 
those who were excluded or declined to participate. The mean age of participants was 34 
(11) years, mean time from surgery to Week 1 outcome measures was 4 (2) days, and the 
dorsal extensor tendon splitting approach was the most commonly used technique to 
access the fracture (70%). Basal extra-articular (18%) and midshaft (17%) fracture sites 
most frequently required surgical fixation, and almost half of the proximal phalangeal 
fractures requiring ORIF were the result of sporting injuries (45%). See Table 5.1 for a 
breakdown of the characteristics of the participants. 
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Figure 5.1: Flow of participants through the study 
  
 
Patients post stable ORIF finger proximal 
phalanx aged between 18-65 (n = 155) 
Excluded (n = 89) 
 Co-morbidities (n = 5) 
 Concomitant injury and/or open 
fracture (n = 26) 
 Pre-existing deformity (n = 8) 
 >2/52 delay to surgery (n = 10)  
 >1/52 delay to therapy (n = 0) 
 Unable to attend therapy at 
Sydney Hospital (n = 35) 
 Declined to participate (n = 5) 
Measured range of motion, pain, return to work 
(n = 66) 
 
Week 1 
Supervised  
(40 min x 1/wk) 
 ROM exercises 
 Usual care: decrease swelling and 
pain; increase ROM; prevent 
scarring and secondary harm. 
PLUS 
Unsupervised 
 ROM exercises  
(10 reps x 6/day) 
 Usual care: decrease swelling and 
pain; increase ROM; prevent 
scarring and secondary harm. 
Measured range of motion, strength, pain, hand use, return to work 
(n = 56) 
Lost to Week 6 follow-up 
 did not attend (n = 7) 
 refracture at Week 5 (n = 1) 
 withdrew 2/7 post commencement 
of trial (n = 1) 
 inclusion error (n = 1) 
Supervised  
(up to 30 min x 1/wk) 
 ROM ex  
 Usual care: progression of Wk 1-6 
PLUS 
Unsupervised 
 ROM ex 
 Usual care: as per Wk 1-6 plus 
isolated blocking ex; stretches; 
strengthening ex 
Lost to Week 12 follow-up 
 did not attend (n = 15) 
 refracture at Week 5 (n = 1) 
 withdrew 2/7 post commencement 
of trial (n = 1) 
 inclusion error (n = 1) 
Measured range of motion, strength, pain, hand use, return to work 
(n = 48) 
 
Week 6 
 
Week 12 
 
Between March 2010 and 
December 2013 
Measured range of motion, strength, pain, hand use, return to work 
(n = 40) 
 
Week 26 
Lost to Week 26 follow-up 
 withdrew 2/7 post commencement 
of trial (n = 1) 
 inclusion error (n = 1) 
 did not respond (n = 24) 
Unsupervised 
 Continue elements of 
program that prevent any 
deterioration 
 Contact therapist if 
regressing 
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Table 5.1 Baseline characteristics of participants 
Characteristic Screened 
(n = 155) 
Excluded 
(n = 89) 
Included 
(n = 66) 
Analysed 
(n = 40) 
Participants     
Age (yr), mean (SD) 37 (13) 39 (13) 34 (11) 35 (11) 
Gender, n males (%) 109 (70) 64 (72) 47 (71) 30 (75) 
Occupation category, n (%)     
Sedentary   19 (29) 14 (35) 
Light   16 (24) 11 (28) 
Medium   15 (23) 7 (18) 
Heavy   9 (14) 6 (15) 
Very heavy   6 (9) 2 (5) 
Other   1 (2) 0 (0) 
Dominant hand, n right (%)   59 (89) 37 (93 
Injured hand, n right (%)   30 (45) 15 (38) 
Injury mechanism, n (%)     
Fall   11 (17) 5 (13) 
Sport   30 (45) 22 (55) 
Violence   10 (15) 6 (15) 
Crush   8 (12) 4 (10) 
MVA/BA   1 (2) 0 (0) 
Other   6 (9) 3 (8) 
Work-related injuries, n (%)   4 (6) 2 (5) 
Injured finger, n (%)     
Index    9 (14) 5 (13) 
Middle   10 (15) 4 (10) 
Ring   16 (24) 11 (28) 
Little   31 (47) 20 (50) 
Fracture location, n (%)     
Intra-articular base (MCP joint)   9 (14) 7 (18) 
Extra-articular base   18 (27) 9 (23) 
Midshaft   17 (26) 9 (23 
Extra-articular distal   9 (14) 7 (18) 
Intra-articular distal (PIP joint)   13 (20) 8 (20) 
Surgical approach, n (%)     
Lateral    6 (9) 3 (8) 
Dorsal (extensor splitting)   46 (70) 26 (65) 
B/T Lateral band and C/S   14 (21) 11 (28) 
Fixation screws (number), mean (SD)   4 (2) 4 (2) 
Plate and screw fixation n, (%)   32 (48) 18 (45) 
Injury-surgery delay (days), mean (SD)   6 (4) 7 (4) 
Surgery-therapy delay (days), mean (SD)   4 (2) 4 (2) 
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By Week 6, seven participants failed to attend their scheduled appointment and were not 
contactable. One participant sustained another fracture in the same finger five weeks 
post-operatively when lifting a heavy object and was not measured at Week 6. Another 
participant requested to be withdrawn from the trial two days after enrolment, whilst 
another had sustained a concomitant injury and was an inclusion error. By Week 12, a 
further 8 failed to attend their scheduled appointment and were not contactable at this 
time. At Week 26, the researcher tried to make contact by telephone with all participants 
initially enrolled in the randomised controlled trial, apart from the participant who had 
elected to withdraw from the trial and signed a withdrawal form, and the participant who 
had been an inclusion error (due to a concomitant injury not detected at the time of 
inclusion). All other participants (64) were attempted to be contacted, even if they had 
failed to attend their Week 6 or 12 follow-up appointment. 24 were not contactable or did 
not return messages or emails left for them. Therefore, data from 40 participants (63%) 
was analysed across Week 1, 6, 12 and 26.  
 
Characteristics of participants requiring ORIF of proximal phalangeal fracture 
Of the 155 patients screened for inclusion, there were 109 males (70%) and 46 females 
(30%), making males 2.3 times more likely to sustain proximal phalangeal fracture 
requiring internal fixation, which was similar to the proportions found in the 66 
participants ultimately included in the intervention study (71% male). Of the 155 patients 
screened for inclusion, males between the ages of 18 and 29 years were more likely to 
sustain proximal phalangeal fracture requiring internal fixation than any other 
demographic group, contributing 32% overall (51 patients), with a slightly higher 
representation in those included (36%, 26 participants), than those excluded (28%, 25 
patients). The little finger was the most common finger to require surgery (20 
  111 
participants, 50%), followed by the ring finger (11 participants, 28%). 
 
Mean total active range of motion of the injured finger in the first week following ORIF 
of finger proximal phalangeal fracture was 76 degrees (SD 29), compared with 260 
degrees (SD 19) for the uninjured contralateral finger. Reported pain levels at rest were 
2.4 cm (SD 2.1) on the visual analogue scale, and 45% of participants had returned to 
work, with 10% undertaking full normal duties (Table 5.1).  
 
Pattern of recovery  
By Week 6, mean total active range of motion was 186 degrees (SD 44), representing 
72% of the uninjured contralateral finger, and mean active PIP extension was -15 degrees 
(SD 10). Mean reported pain levels were 0.9 cm (SD 1.2) at rest; and 13/50 points (SD 8) 
with hand use. Grip strength was 28 kg (SD 10), representing 74% of the uninjured hand 
strength. Difficulty with hand use was 12/50 points (SD 9); 93% of participants had 
returned to work; and 76% were undertaking full duties. 
 
By Week 12 following ORIF of finger proximal phalangeal fractures, mean total active 
range of motion was 217 degrees (SD 40), representing 83% of the uninjured 
contralateral finger motion, and mean active PIP extension was -12 degrees (SD 11). 
Mean reported pain levels were 0.7 cm (SD 1.2) at rest; and 9/50 points (SD 6) with hand 
use. Grip strength was 34 kg (SD 11), representing 88% of the uninjured hand strength 
(38 kg, SD 11). Difficulty with hand use was 4/50 points (SD 5); with 100% of 
participants returned to work; and 94% undertaking full duties. 
 
By Week 26 mean reported pain levels were 6/50 points (SD 7) with hand use (88% of 
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pre-injury status), and difficulty with hand use was 2/50 points (SD 4) (96% of pre-injury 
status). 85% regained full flexion (can make a fist shape similar to the contralateral side) 
compared with 33% regaining full extension (can straighten the finger to a similar extent 
as the contralateral side). Improvement in both flexion and extension is reported to 
continue after therapy finishes. 
 
Overall, approximately 73% of the recovery in range of motion, pain, strength, hand use 
and work participation was regained by Week 6, increasing to 86% by Week 12. 
Recovery in pain and hand use further increased to 92% by Week 26 (Table 5.2)(Figures 
5.2 and 5.3). 
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Table 5.2 Mean (SD) or number of participants and % intact or pre-injury over time 
 
Outcome Intact or 
pre-
injury 
status 
 Injured 
   Wk 1 
(n=40) 
Wk 6 
(n=40) 
Wk 12 
(n=40) 
Week 26 
(n=40) 
Active ROM       
PIP ext 
(deg)  
6 (6)  -20 (9) -15 (10) -12 (11) - 
Total ROM 
(deg)  
260 (19)  76 (29) 
29% 
186 (44) 
72% 
217 (40) 
83% 
- 
Finger ext        
Perceived improvement 
n yes (%) 
     28/40 
40% 
Perceived full ext  
n yes (%) 
     13/40 
33% 
Finger Flexion       
Perceived improved  
n yes (%) 
     27/40 
68% 
Perceived full fist  
n yes (%) 
     34/40 
85% 
Pain       
At rest (VAS) 
(cm) 
0  2.4 (2.1) 
76% 
0.9 (1.2) 
91% 
0.7 (1.2) 
93% 
- 
During activity (PRWHE)  
(0 to 50)  
   13 (8) 
74% 
9 (6) 
82% 
6 (7) 
88% 
Strength       
Grip strength 
(kg)  
38 (10)   28 (10) 
74% 
34 (11) 
88% 
- 
Activity limitations       
Difficulty with hand use 
(PRWHE)  
(0 to 50)  
   12 (9) 
76% 
4 (5) 
92% 
2 (4) 
96% 
Participation       
Return to work (full 
duties)  
40  4/40 
10% 
28/37 
76% 
34/36 
94% 
39/40 
PIP = proximal interphalangeal joint, PRWHE = patient rated wrist and hand evaluation.  
For PIP extension, hyperextension is denoted as a positive. 
Note: where intact not measured, assumed no deficit. 
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Figure 5.2:  Total active range of motion vs time 
 
 
 
 
 
Figure 5.3: Return to work (full duties) vs time 
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Relationship between exercise adherence and outcome 
On average, participants reported completing 100% and 84% of their prescribed 
frequency of exercises at Week 6 and Week 12 respectively, with 95% of exercises being 
performed proficiently at Week 6. Due to the compliance with exercise being uniformly 
high, it was inappropriate to seek correlation between compliance and outcome.  
 
DISCUSSION 
These findings from this prospective longitudinal study suggest that, while there is a high 
level of impairment and participation restriction prior to the commencement of 
rehabilitation following proximal phalangeal fracture requiring internal fixation, most 
recovery occurred by 6 weeks, with excellent recovery by 6 months, in a group with high 
exercise adherence. Proximal phalangeal fractures requiring internal fixation were 
mostly (32%) sustained in young males between the ages of 18 and 29 years, and were in 
the little finger (47%). Range of motion was very limited in the first week following 
ORIF, with few participants able to undertake their full work duties, although resting pain 
levels were minimal. The majority of improvement in finger range of motion, pain, return 
to work, as well as grip strength and hand use occurred by Week 6 (~ 73%), with 
progressively smaller gains by Week 12 (~ 86%) and Week 26 (~ 92%).  
 
These results complement information already known about proximal phalangeal fracture 
prevalence. Not only are these fractures most common amongst young males (de Jonge et 
al, 1994), in the outer rays of the hand (Stern, 1999), but it is also this group that require 
ORIF most commonly. This is the first study to present data about the level of 
impairment and participation restriction in the immediate post-operative phase. However, 
the findings that range of motion was severely limited in the first week following ORIF, 
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with few participants able to undertake their full work duties is likely to be a common 
finding in people with such fractures. 
 
There has been no previous study of the pattern of recovery following ORIF of proximal 
phalangeal fractures. However, the pattern of recovery (with most improvement in the 
early weeks) found in the present study, is not unique to this upper limb fracture. In a 
prospective outcome study of 275 distal radius fractures over one year, MacDermid et al 
(2001) found that most improvement in activity occurred in the first 8 weeks. In line with 
this, findings from studies of upper limb fractures that do not require surgical intervention 
suggest that earlier rather than later commencement of exercise is more effective. Two 
randomised trials involving people with proximal humeral fractures that did not require 
surgical intervention report that starting exercise within the first week reduced pain in the 
short term and improved shoulder activity in the short and medium-term more than 
starting exercise three weeks later (Hodgson et al, 2003; Lefevre-Colau et al, 2007).  
 
However, for upper limb fractures requiring surgical intervention there is some evidence 
that early commencement of exercise could make outcome worse. In a systematic review, 
Bruder et al (2011) found poorer outcomes with early exercise more commonly in studies 
with severe upper limb fractures that did require surgical fixation. They speculated that 
the “amount of inflammation and tissue damage from the severity of fracture and 
surgery” required “a period of relative rest” (pp 81) rather than active exercise.  
 
In contrast, the pattern of recovery found in the present study suggests that, in proximal 
phalangeal fractures severe enough to require surgical intervention, earlier rather than 
later commencement of exercise is beneficial. The finding that both the commencement 
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of exercises and most improvement occurred in the early weeks could be explained by the 
intimacy between the proximal phalanx and the dynamic structures surrounding it, a 
closeness that is not seen elsewhere in the upper limb. The early commencement of 
exercises may have promoted gliding of tendons at the large tendon-to-bone interface 
around the healing proximal phalanx fracture and surgical repair, preventing the 
formation of motion limiting adhesions and in turn improving outcome, even in the 
presence of inflammation and tissue damage. This is in line with results of the 
retrospective audit (Chapter 2) that found that early commencement of active exercise 
was associated with greater range of motion at six weeks following surgical fixation than 
delayed commencement (Miller 2009). 
 
The range of motion outcomes in the present study are superior, and are achieved much 
earlier than previously reported (Page and Stern, 1998; Kurzen et al, 2006; Horten et al, 
2003). Mean active PIP extension was 13 (SD 12) degrees from full extension, and total 
active range of motion was 213 (SD 41) degrees by Week 12. This compares favourably 
to outcomes in two retrospective audits. In one, only 11% of patients had >220 degrees 
total active range of motion whilst 38% had loss of PIP extension >35 degrees or total 
active range of motion < 180 degrees, 7 months following proximal phalangeal ORIF 
(Page and Stern 1998). In the other, total active range of motion <180 degrees was found 
in 36% of patients at 10 months following plate fixation (Kurzen et al, 2006). Also, a 
group with screw fixation taking part in a randomised trial (Horten et al 2003) had PIP 
extension of 27 degrees from full extension at 40 months. The early achievement of good 
range of motion outcomes in the present study provides a benchmark for proximal 
phalangeal fracture fixation recovery. 
 
  118 
Although adherence to home exercise has been found to be associated with more 
favourable outcome after other upper limb fractures (Lyngcoln et al, 2005), we were not 
able to demonstrate correlation between exercise adherence and outcome at Week 12 in 
the present study. This was due to participants having high levels of exercise adherence 
(~ 91%, SD 37), making this variable almost invariant, and any analysis of correlation 
invalid. The exercise adherence in the present study is much higher than previously found 
to home rehabilitation programs in general, with Bassett (2003) reporting non-adherence 
or partial adherence to be as high as 65% (that is, only ~35% exercise adherence). 
However, it is possible that the participants who did not return for measurement in the 
present study were non-compliant. Even in the worst case scenario where all those who 
did not return did no exercise, this would mean that overall amount of exercise adherence 
(~73%) would still be higher than previously reported. The provision of illustrations of 
exercises (see Appendix J), which has been shown to significantly improve adherence 
(Schneiders et al, 1998), may have contributed to this high exercise adherence.  
 
One of the limitations of this study is that it is not possible to be certain that the 66 
participants that agreed to be part of this trial are representative of the entire 155 screened 
for inclusion, although they are similar in age and gender. Also, most of the participants 
were employed in either sedentary or light occupations. Whilst this may be more 
indicative of the inner city location of the assessment site than a true reflection of who 
sustains this injury, it could mean that return to work rates reported in this study are 
higher than what might occur in the wider population, as returning to office based work 
following this injury may be easier than returning to roles involving heavier manual 
tasks.  
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These findings have significant clinical implications. First, they indicate that although 
pain levels are low within one week following ORIF of finger proximal phalangeal 
fracture, active range of finger motion is minimal. Many participants had returned to 
work at this point, although the majority were only able to undertake modified duties. 
These findings suggest a high level of impairment not entirely attributable to pain, and 
considerable participation restriction prior to the commencement of rehabilitation. The 
implication for the clinic is that intervention to directly target the range of motion deficit 
should be used at this time, rather than focusing on pain minimization in patients with 
low pain levels at rest at baseline. Second, patients and clinicians can expect most of the 
improvement in range of motion, pain, grip strength, hand activity and work participation 
within six weeks of surgery. The implication is that patients should be educated about the 
importance of maximizing their efforts early in their rehabilitation, and clinicians should 
invest most resources in the early weeks to target the window of most opportunity for 
improvement. Finally, this is particularly true for finger extension, since two-thirds were 
unable to completely extend the injured finger to replicate the uninjured side by 6 
months.  
 
The findings from this prospective longitudinal study of participants following ORIF of 
proximal phalangeal fracture suggest that, while there was a high level of impairment 
and participation restriction prior to the commencement of rehabilitation, most recovery 
occurred by 6 weeks, with smaller gains by 12 weeks and 6 months. Excellent outcomes 
were achieved. Many of the outcome measures collected in this study, and particularly 
the immediate post-operative data, represent previously uncaptured information for this 
upper limb fracture. Given these are the best results to date, they provide a benchmark for 
the pattern of recovery after proximal phalangeal fracture fixation.  
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CHAPTER 6 
 
STUDY 5: DO BASELINE CHARACTERISTICS PREDICT IMPAIRMENT OR 
ACTIVITY LIMITATION TWELVE WEEKS AFTER PROXIMAL 
PHALANGEAL OPEN REDUCTION AND INTERNAL FIXATION: A 
SECONDARY ANALYSIS OF A RANDOMISED TRIAL 
 
INTRODUCTION 
 
METHOD 
 Design 
 Participants 
 Predictors 
 Outcomes of interest  
 Data analysis 
 
RESULTS 
 Flow of participants through the study 
 Prediction of outcome at Week 12  
 
DISCUSSION 
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INTRODUCTION 
In Chapters 3 and 4, no difference in outcomes was found between two types of exercise 
following proximal phalangeal fracture. In Chapter 5, the pattern of recovery for these 
fractures was mapped, with good outcomes in terms of impairment, activity limitations 
and participation restrictions being found overall. However, these outcomes were varied, 
indicating that something other than allocation to exercise group may have influenced 
them. For example, there is reason to think that baseline characteristics such as which 
finger is injured, whether the fracture is intra or extra-articular, how much pain is 
experienced immediately post-operatively, and whether the dominant or non-dominant 
hand is injured could be predictors of outcome.  
 
Following other traumatic injuries requiring surgical repair, the little finger has proven 
more difficult to rehabilitate than the other fingers and therefore may also be more 
difficult to rehabilitate following proximal phalangeal ORIF. In a retrospective 
documentation audit, Orkar et al (2012) found significantly greater flexion contracture in 
the little finger following flexor tendon repair in Zone I injuries compared to the index 
finger at all follow-up points, and a higher tendon rupture rate in the little finger group. 
Although in Chapter 2 which finger was injured (little finger vs other) was not found to 
be predictive of total active range of motion at 6 weeks following proximal phalangeal 
surgical fixation, it is not known whether this is true for other outcomes at the impairment 
level, as well as outcomes at the activity and participation level.  
 
Fractures occurring within a joint (intra-articular fractures) may also produce more 
impairment compared with fractures situated away from the joints (extra-articular 
fractures) following proximal phalangeal ORIF. Impairments including limitation of 
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range of motion and increased pain could occur more readily when the joint is involved 
due to acute oedema and/or ongoing loss of congruency of the joint surfaces despite the 
reduction and fixation. Although in Chapter 2 fracture location (intra- vs extra-articular) 
was not found to be predictive of total active range of motion at 6 weeks following 
proximal phalangeal surgical fixation, it is not known whether this is true for other 
outcomes at the impairment level, as well as outcomes at the activity and participation 
level.  
 
Excessive pain experienced within the first week following ORIF of proximal phalangeal 
fracture may also predict outcome 12 weeks later. Having high levels of pain initially 
could limit range of motion and use of the hand, and detrimentally affect the patient’s 
experience, increasing their fear of creating more pain with motion and activity, and 
setting up a pain, fear, immobility cycle.  
 
Whether the injured hand is the dominant or non-dominant hand could also influence 
outcome. A dominant injured hand could be used more frequently during the 
rehabilitation period following ORIF of a proximal phalangeal fracture, potentially 
providing more motion at the joints surrounding the fracture and more glide of the 
tendons passing the fracture site, thereby limiting scar formation and promoting joint 
range. Conversely, too much use following surgery due to the dominant hand being 
injured could result in excessive oedema and pain, thereby creating more scar formation 
and ultimately limiting range of motion, strength and activity.  
 
Therefore the specific research question was: 
 Do baseline characteristics (injured finger, location of fracture, severity of pain, or 
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dominance of injured hand) predict outcome (active PIP extension, total active 
range of motion, pain at rest and with activity, grip strength, or hand use) twelve 
weeks after ORIF of proximal phalangeal fracture? 
Determining whether baseline characteristics predict outcome following proximal 
phalangeal ORIF would be useful. It would allow clinicians to identify patients with 
specific characteristics at baseline and ensure that intensive targeted rehabilitation is 
delivered in order to maximise outcome.  
 
METHOD 
Design 
This study was a secondary analysis of the prospective randomised trial that included 
people who had an ORIF after fracture of the proximal phalanx of a finger. Following 
recruitment, participants had baseline measurements within 1 week post-operatively 
(Week 1). Participants then received weekly supervised rehabilitation sessions in the 
Hand Therapy Unit with a physiotherapist or occupational therapist as outlined in Study 2 
(Chapter 3). Participants were measured again at Week 12. The measures taken at Week 
1 and 12 were analysed for this secondary analysis. Baseline predictors were selected a 
priori of analysis and based on a theoretical construct. All outcome measures were 
selected to be the outcome(s) of interest rather than ‘trawling’ for positive findings in 
order to avoid bias. 
 
Participants 
Between 2010 and 2013, all patients attending the outpatient Hand Clinic at 
Sydney/Sydney Eye Hospital Hand Unit, Sydney, Australia following proximal 
phalangeal ORIF were invited to participate by an independent recruiter. Inclusion and 
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exclusion were based on criteria described in detail in Study 2 (Chapter 3).  
 
Predictors 
The predictors were injured finger (little vs index, middle or ring), fracture location 
(intra- vs extra-articular), pain at rest (100mm scale visual analogue scale) and side of 
injury (dominant vs non-dominant).  
 
Outcomes of interest 
The outcomes of interest were active PIP extension; total active range of motion; pain at 
rest; pain with activity; strength; and hand use at Week 12. These measures were all taken 
as outlined in Study 2 (Chapter 3). 
 
Data analysis 
Descriptive statistics (mean and standard deviation for continuous predictors; frequency 
and percentage for categorical predictors) were used to summarise the baseline predictors 
included in this analysis. Multiple linear regression was performed to produce a model of 
the prediction for each outcome of interest (active PIP extension; total active range of 
motion; pain at rest; pain with activity; strength; and hand use) at Week 12 by entering all 
a priori selected predictors (injured finger, fracture location, pain at rest at baseline, side 
of injury) (Portney and Watkins 2002). The significance level was set at 0.05. The 
explained variance of the prediction model was determined by R2, reflecting the 
proportion of variance in the outcome explained by the predictors in the model. SPSS 
V.21 for Mac (IBM Corporation, Armonk, NY, USA) was used for all statistical analysis. 
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RESULTS 
Flow of patients through the study  
155 consecutive patients returning to the Hand Clinic at Sydney Hospital following ORIF 
of a proximal phalangeal fracture of any finger (but not the thumb) were screened for 
eligibility between May 2010 and December 2013. The flow of participants through the 
study as a pooled group is outlined in Study 4 (Chapter 5)(Figure 5.1). The data for 48 
patients who completed measurements at both Week 1 (baseline) and Week 12 was 
analysed. The mean age of the group was 35 years (SD 11), with 75% being male. 52% 
of the proximal phalangeal fractures were little fingers, 40% were intra-articular (to 
either the MCP or PIP), and 46% were in the dominant hand. The characteristics are 
presented in Table 6.1.  
 
Table 6.1 Baseline characteristics of participants 
Characteristic  Randomised 
n = 66 
Analysed 
n = 48 
Age (yr), mean (SD)  34 (11) 35 (11) 
Gender, n males (%)  47 (71) 36 (75) 
Injured finger, n (%)    
Little   31 (47) 25 (52) 
Index, middle or ring  35 (53) 23 (48) 
Fracture location, n (%)    
Intra-articular   22 (33) 19 (40) 
Extra-articular   44 (67) 29 (60) 
Pain at rest (10-cm VAS), mean (SD) 2.4 (2.1) 2.3 (2.1) 
Side of injury, n (%)    
Dominant  33 (50) 22 (46) 
Non-dominant  33 (50) 26 (54) 
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Prediction of outcome at Week 12 
Table 6.2 presents the significant predictors of outcomes at Week 12 and the variance 
explained by those predictors. When all the potential baseline predictors (injured finger, 
fracture location, pain at rest, and side of injury) were entered into multivariate linear 
regression, pain (at rest) was the only significant independent predictor of pain (at rest) 
(R2 = 20%, p = 0.01), pain (with activity) (R2 = 20%, p = 0.01), and hand use (R2 = 
17%, p = 0.02) twelve weeks after ORIF of proximal phalangeal fracture. 
 
Table 6.2 Significant predictors of outcomes at week 12 and the variance explained 
by predictors 
 
Outcomes at Week 12 Significant predictors Variance explained by predictors 
Impairments   
PIP ext Nil R2 = 10%, p = 0.09 
Total ROM Nil R2 = 15%, p = 0.07 
Pain at rest Pain (at rest) R2 = 20%, p = 0.01 
Pain with activity Pain (at rest) R2 = 20%, p = 0.01 
Strength Nil R2 = 11%, p = 0.13 
Activity limitations   
Hand Use Pain (at rest) R2 = 17%, p = 0.02 
Ext = extension; ROM = Range of motion 
 
DISCUSSION 
In this secondary analysis of 48 individuals following ORIF of proximal phalangeal 
fracture, slightly less than half had an intra-articular fracture, and baseline pain (at rest) 
was mild. Approximately half had sustained injury to their little finger or sustained injury 
to their dominant hand. In these individuals, baseline pain (at rest) was found to 
somewhat predict of pain (at rest) at twelve weeks (explained 20% of variance), pain 
(with activity) at twelve weeks (explained 20% of variance), and hand use at twelve 
weeks (explained 17% of variance). Which finger was injured, location of fracture and 
side of injury were not independently predictive of any outcomes. 
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The finding in this analysis that baseline pain is predictive of later pain following 
proximal phalangeal ORIF echoes findings after other upper limb fractures. In a 
retrospective cohort study of 386 individuals assessed within one to two weeks of distal 
radius fracture, Mehta et al (2014) found baseline pain intensity (measured using the pain 
subscale of the patient rated wrist evaluation (PRWE)) to be a strong predictor of pain at 
one year (explained 22% variance). Similarly, in a large prospective cohort study of 
1,549 individuals assessed within one week of wrist fracture (carpal and/or radius and/or 
ulna), Moseley et al (2014) found that a score above 5/10 on the visual analogue scale 
when rating “average pain severity” over the previous two days greatly elevated the risk 
of the injured person developing complex regional pain syndrome. The finding that 
baseline pain is somewhat predictive of later limitation of hand use following proximal 
phalangeal ORIF appears to be a novel finding. However, MacDermid et al (2001), in a 
prospective outcome study of 275 distal radius fractures, found that the baseline scores of 
three questionnaires measuring hand use (PRWE, DASH and SF36) were the most 
significant predictors of one-year outcomes on those same questionnaires. These 
questionnaires all include a component of pain. The finding that high resting pain within 
the first week of proximal phalangeal fracture surgery predicts high pain (both at rest and 
with activity) as well as hand use at twelve weeks following surgery is perhaps not 
surprising. Considering that on average, resting pain at baseline was quite low, the 
presence of high intensity of pain at this time could indicate that the injury and/or surgery 
had resulted in excessive tissue trauma in these individuals, which in turn could lead to 
marked oedema. These sequelae of injury and/or surgery could then lead to limitation of 
range of motion and use of the hand, increased fear of pain with motion and activity, and 
the setting up of a pain, fear, immobility cycle. 
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The finding that having a fracture of the little finger did not predict any outcome, despite 
its unique anatomy compared to the other fingers, is in contrast to findings of poorer 
outcome for the little finger following tendon injury (Orkar et al, 2012). However, this 
finding is in line with the findings of the retrospective review reported in Chapter 2, i.e., 
even in this more homogeneous sample of proximal phalangeal fractures, the common 
clinical assumption that which finger is injured predicts outcome is not supportable. If 
clinicians perceive the little finger to be associated with poorer outcome, it may be more 
related to the fact that they account for over half of the proximal phalangeal fractures 
treated with ORIF. 
 
Intra-articular fracture was also not significantly associated with outcomes at Week 12, 
which contrasts with previously reported results of significantly higher “complication 
rates” for intra-articular fractures following ORIF. In their retrospective review of 39 
phalangeal and 66 metacarpal fractures six months following surgical fixation, Page and 
Stern (1998) reported 74% of intra- and peri-articular fractures suffered complications 
including limitation of range of motion and stiffness, compared with 48% of shaft 
fractures. However, the finding from the current study is also in line with the findings of 
the retrospective review reported in Chapter 2, i.e., even in this more homogeneous 
sample of proximal phalangeal fractures, the common clinical assumption that the 
location of the injury predicts outcome is not supportable. The non-significance of intra-
articular fracture in the current study may be due to improved surgical techniques and 
smaller fixation devices since 1998.  
 
Whether the injured finger was on the dominant or non-dominant hand was not 
significantly associated with outcomes at Week 12 in this study. This is in contrast with 
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findings from more chronic conditions of the upper limb including stroke. In an analysis 
of data from ninety-three community-dwelling individuals with stroke, Harris and Eng 
(2006) found outcomes including tone, grip strength, and pain were all significantly 
affected by dominance, indicating less impairment if the dominant hand was affected, 
although this did not carry-over to arm use or activities of daily living. 
 
One limitation of this study is that only 73% of data was available at 12 weeks. However 
analysis of demographic characteristics of participants shows similarity between those 
randomised and those analysed (Table 6.1), suggesting that drop-outs were not different 
to those with a complete data set at baseline.  
 
The finding that pain at baseline is somewhat predictive of pain (at rest and with activity) 
and hand use twelve weeks following surgical fixation for proximal phalangeal fracture 
has clinical implications. Although on the whole there is only mild pain following 
surgical fixation of this upper limb fracture, clinicians should routinely screen baseline 
pain using the visual analogue scale. If a clinician observes that an individual patient is 
reporting high levels of resting pain in the week following ORIF for proximal phalangeal 
fracture, it may be sensible to flag this and target the intervention to minimise pain and 
encourage hand use. The frequency of review both with the therapist and the surgeon may 
also be increased to more closely monitor for ongoing problems, compared to that for an 
individual with low levels of resting pain. 
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FINDINGS AND CLINICAL IMPLICATIONS 
The studies presented in this thesis examined the factors associated with, and efficacy of 
intervention for, proximal phalangeal fractures following surgical fixation. The main 
result from Study 1 suggests that earlier commencement of active finger exercises 
following fixation of proximal phalangeal fracture independently predicts greater range 
of motion outcomes at six weeks post-operatively, and therefore should be encouraged. 
Furthermore, CRIF with K-wire is associated with delay to commencement of active 
finger exercises compared with ORIF. Therefore to maximise total active range of 
motion, ORIF should be the preferred surgery of unstable proximal phalangeal fractures, 
irrespective of fracture location or which finger is injured, as it accommodates earlier 
commencement of active finger exercises (~ 4 days following surgery). 
 
Study 2 found that within the broader setting of intensive rehabilitation, with early 
commencement of active range of motion finger exercises and close monitoring of 
exercise performance and frequency, type of exercise performed (with or without 
constraint of the MCP; with or without wrist motion) made no difference to outcome at 
the impairment, activity limitation and participation restriction level in the short term 
following proximal phalangeal ORIF. Findings from Study 2 suggest it is safe to 
introduce exercise within the first week post-operatively of ORIF. The frequency (six 
times per day) and duration (twelve weeks) of rehabilitation provide a guideline for 
clinicians given that there has been scant detail about frequency and duration previously 
reported.  
 
Study 3 found that, within the broader setting of intensive rehabilitation, with early 
commencement of active finger exercises and close monitoring of exercise performance 
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and frequency, type of exercise performed (with or without constraint of the MCP; with 
or without wrist motion) made no difference to patient perception of outcome with 
respect to impairment, activity limitation and participation restriction in the medium-term 
following proximal phalangeal ORIF. The trend toward more participants in the 
experimental group perceiving ability to achieve full extension at 6 months than 
participants in the control group suggests that performing synergistic wrist and finger 
exercises with the MCP constrained for 12 weeks may have a greater benefit in the 
medium-term. Findings from this study also suggest that for many tasks of daily living, 
regaining extension equal to the uninjured finger may not be required, and that any 
intervention beyond twelve weeks aimed at preventing contracture may not be warranted, 
since most patients did not perceive this to be a problem. 
 
Study 4 found that people requiring ORIF of proximal phalangeal fracture were mostly 
male between 18 and 29 years. The little finger was most likely to be injured, and whilst 
range of motion was poor with few able to return to their full duties at work prior to 
commencement of rehabilitation, pain on average was minimal. Most of the recovery of 
outcome following fixation occurred in the first six weeks, with progressively smaller 
gains beyond that time, with excellent recovery achieved by six months. Study 4 findings 
demonstrate that it is possible to achieve excellent outcomes following proximal 
phalangeal ORIF. That most recovery occurred by six weeks, with smaller gains by 
twelve weeks and six months suggests that early commencement of exercise should be 
implemented, in line with the findings from Study 1.That most recovery occurred by six 
weeks, with an increasing rate of drop-outs beyond this time suggests that an alternative 
delivery method of therapy beyond this time may be appropriate. This could be in the 
form of teleconferencing, or via online or app based exercises and reporting. Further, 
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findings from Study 4 also validate the predictive equation for total active range of 
motion at six weeks post-operatively that was formulated based on findings from Study 1. 
Results from the retrospectively collected sample in Study 1 indicated that clinicians 
could predict total active range of motion at six weeks post-operatively using the 
following equation: 
Total active range of motion (degrees)  
= 201 - 4 * time to commencement of active exercise (days) 
Results from Study 4 found that the mean total active range of motion for the injured 
finger at six weeks post-operatively was 186 degrees (SD 44). When the mean time to 
commencement of active exercises for the participants in Study 4 (4 days) was entered 
into this equation, the expected total active range of motion was calculated as 185 
degrees. This closeness (186 versus 185 degrees) validates the equation in a different 
sample and lends weight to its accuracy in this population. 
 
Whilst pain was mild on average, Study 5 found that resting pain in the first week 
following proximal phalangeal ORIF somewhat predicts resting pain, pain with activity, 
and hand use twelve weeks post-operatively. These findings suggest that although on the 
whole there is little pain following surgical fixation of this upper limb fracture, clinicians 
should routinely screen for baseline pain. An individual patient reporting high levels of 
resting pain in the week following ORIF should have intervention targeted at minimising 
pain and encouraging hand use.  
 
CONTEXT OF FINDINGS 
The results of these studies should be viewed within the context of the setting where they 
were carried out. The population from which data for all the studies was analysed came 
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from an inner city metropolitan hand unit in a public hospital – Sydney Hospital – and 
were largely made up of young, sedentary, office-based workers. However, this hand unit 
is also a quaternary referral centre for hand injuries across New South Wales and 
therefore accepts the most difficult and complex cases from rural and regional areas, and 
some of these were included in the sample if they were prepared to travel for ongoing 
follow-up rehabilitation. Comparison with patients from other hand units suggests that 
the populations are quite similar. For example, people with wrist fractures treated at 
Sydney Hospital have been found to have the same incidence (4%) of developing 
complex regional pain syndrome at four months following fracture compared with two 
other large hand units in Australia (4% for both, Moseley et al, 2014). As complex 
regional pain syndrome is largely unpreventable, this gives some indication that the 
population at Sydney Hospital is similar to the other hand units. The surgeons providing 
the fixation and physiotherapists and occupational therapists providing the rehabilitation 
for the fractures sustained by people in this sample were specialised in the treatment of 
these injuries. 
 
COMPARISON WITH PREVIOUS FINDINGS 
Findings from Study 1 represent the first evidence of time to commencement of active 
exercise being predictive of range of motion outcome following proximal phalangeal 
fracture fixation. Prior to this, early commencement of exercise had been recommended 
(Freeland and Orbay, 2006), and poor outcomes had been reported in a group with 
delayed commencement (Nalbantoglu et al, 2009), but the strength of the relationship 
between delayed commencement of active exercise and poor outcome was not clear. 
These findings potentially conflict with those of Horton et al (2003) who found no 
difference between ORIF compared with CRIF with K-wire following proximal 
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phalangeal fractures, despite those in the ORIF group commencing active finger exercise 
early and those in the CRIF with K-wire group having delayed commencement. However 
Study 1 included a broad variety of fracture type and location, with almost one-third 
being intra-articular fractures. In contrast, Horton et al (2003) included only fractures 
with specific characteristics (extra-articular spiral and long oblique fractures), with no 
intra-articular fractures. Since the present study found that intra-articular fractures were 
rarely repaired using CRIF with K-wire, it is difficult to compare its results to that of 
Horton et al (2003). In addition, Horton et al’s follow-up was about 3 years post-
operatively, and the difference found in the present study may disappear in the longer 
term. Since then, another retrospective audit of medical records including proximal 
phalangeal fractures treated with ORIF with plates has been published (Brie-Thoma et al, 
2015). The demographic and fracture characteristics for 32 patients with 36 extra-
articular fractures, including proportion of little fingers injured, were similar to those 
presented in Study 1. All patients commenced active finger exercises within 2-4 days 
post-operatively, and total active finger motion was 183 degrees at six weeks. This is 
very close to what the prediction equation based on multiple regression presented in 
Study 1 would predict. However in their study, Brie-Thoma et al (2015) reported almost 
half of the fractures required secondary surgery (14 of 32 patients) including 7 procedures 
explicitly to address reduced mobility, which represents a much greater proportion than 
the two procedures in 66 fractures reported in Study 2.  
 
Findings from Study 2 and 3 represent the first comparison of two different types of 
exercise following ORIF on short and medium term outcomes respectively, and are 
therefore difficult to compare to any previous findings. However in Study 4, when the 
entire group in the present study was compared to those previously reported, the results 
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were superior (Horton et al, 2003; Page and Stern 1998; Kurzen et al, 2006). Study 4 
represents the first longitudinal information about pattern of recovery with most recovery 
occurring early in the rehabilitation period. Comparison with previous results found that 
this pattern was similar to that seen following distal radius fracture (MacDermid et al, 
2001), suggesting the window of opportunity to maximise outcome is early and 
commencing exercise in this time beneficial. Whilst early commencement of exercise has 
been shown to be beneficial in upper limb fractures that do not require surgical fixation 
(Hodgson et al, 2003; Lefevre-Colau et al, 2007), prior to Study 1 and 4 in this thesis, this 
benefit has not extended to upper limb fractures that do require surgical fixation. In fact it 
has been suggested that early commencement of exercise could make their outcomes 
worse (Bruder et al, 2011). That early commencement of active exercise following 
surgical fixation of proximal phalangeal fractures is beneficial, when it is not so for other 
surgically fixated fractures may be indicative of the unique anatomical environment 
surrounding the proximal phalanx. With respect to baseline characteristics, the results 
complemented previous findings. Previous studies have reported that young males with 
fractures to the outer rays of the hand are most likely to sustain proximal phalangeal 
fractures (de Jonge et al, 1994; Stern, 1999). The results in Study 4 suggest that it is also 
this demographic group that are most likely to require surgical fixation of them. Since it 
was not possible to determine if a correlation existed between exercise adherence and 
outcome in the present study, it is also not possible to compare to results for other upper 
limb fractures that have found a correlation (Lyngcoln et al, 2005), although the overall 
exercise adherence level was found to be very high compared with previously reported 
(Bassett (2003). 
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The finding in Study 5 that baseline pain is somewhat predictive of later pain following 
proximal phalangeal ORIF echoes findings after other upper limb fractures (Mehta et al, 
2014; Moseley et al, 2014). However the finding that baseline pain is predictive of later 
limitation of hand use following proximal phalangeal ORIF appears to be novel. In 
contrast to findings of poorer outcome for the little compared to other fingers following 
tendon injury (Orkar et al, 2012), having a fracture of the little finger did not predict any 
outcome following proximal phalangeal ORIF, which also concurs with the results Study 
1. Intra-articular fracture was also not significantly associated with outcome, which 
contrasts with previously reported results of significantly higher “complication rates” for 
intra-articular fractures following ORIF (Page and Stern, 1998), but again concurs with 
findings from Study 1. Similarly, whether the injured finger was on the dominant or non-
dominant hand was not significantly associated with outcome, which contrasts with 
findings from more chronic conditions of the upper limb including stroke (Harris and 
Eng, 2006).  
 
STRENGTHS AND LIMITATIONS OF THE STUDIES 
Strengths of the studies in this thesis are their novelty, with most representing previously 
unexplored areas or areas with limited previous findings. The findings also have real 
clinical implications that once disseminated to clinicians have the possibility of changing 
outcome for people with unstable proximal phalangeal fracture requiring fixation. Having 
a randomised trial within the heart of this thesis also added strength by increasing the 
validity of the findings (Study 2 and Study 3) due to the standardisation and rigour of 
recruitment, measurement and intervention for all participants. A further strength is the 
high exercise adherence rates found in this thesis, which exemplifies the attention paid to 
ensuring that participants were engaged in their rehabilitation. 
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One limitation that spreads across all of the studies in this thesis is considerable loss to 
follow-up. Participant withdrawal is a real challenge that clinicians face when managing 
people with traumatic injuries whose other life demands continue despite their unplanned 
injury, limiting attendance at follow-up therapy appointments once the acute period has 
passed. This carries over to retention of participants in a trial in an outpatient setting with 
public patients, where it is not possible to incentivise the scheme to entice or retain 
participants. Even with use of telephone interview in Study 3 to minimise the burden of 
attendance, loss to follow-up was still considerable. Over one-third of those identified at 
baseline in Study 1 and Study 3 were lost to follow-up, and over one-quarter in Study 2 
and 5. However, in all the studies, there was no systematic difference in characteristics of 
the participants who were lost to follow-up, compared with those who attended all 
measurements. Therefore, the results of the analysed participants are likely to be 
representative of the larger group. In fact for data used in Studies 2-5, when outcomes at 
each time point (Week 1, Week 6, Week 12 and Week 26) are compared between those 
who are still attending at that time (n = 66, n = 56, n = 48, n = 40) and those who were 
retained to six months (n = 40) there is very little difference between them (Table 7.1).  
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Table 7.1 Mean (SD) or number of participants and % intact or pre-injury over time. 
Outcome Intact or pre-
injury status 
 Injured 
   Wk 1  Wk 6  Wk 12  Wk 
26 
 n=66 n=40  n=66 n=40  n=56 n=40  n=48 n=40  n=40 
Active ROM              
PIP ext 
(deg) 
6 (7) 6 (6)  -20 
(9) 
-20 
(9) 
 -15 
(10) 
-15 
(10) 
 -13 
(12) 
-12 
(11) 
 - 
Total ROM 
(deg) 
260 
(17) 
260 
(19) 
 74 
(31) 
28% 
76 
(29) 
 184 
(41) 
71% 
186 
(44) 
72% 
 213 
(41) 
82% 
217 
(40) 
83% 
 - 
Pain              
During activity 
(PRWHE)  
(0 to 50) 
0      13 (7) 
74% 
13 (8) 
74% 
 10 (6) 
81% 
9 (6) 
82% 
 6 (7) 
88% 
 
Strength              
Grip strength 
(kg) 
38 
(11) 
38 
(10) 
    27 
(11) 
71% 
28 
(10) 
74% 
 34 
(11) 
88% 
34 
(11) 
88% 
 - 
Activity limitations              
Difficulty with 
hand use 
(PRWHE)  
(0 to 50) 
0      11 (9) 
78% 
12 (9) 
76% 
 6 (5) 
89% 
4 (5) 
92% 
 2 (4) 
96% 
Participation              
Return to work 
(full duties)  
66 40  9/66 
14% 
4/40 
10% 
 40/56 
71% 
28/37 
76% 
 44/48 
92% 
34/36 
94% 
 39/40  
98% 
ROM = range of motion; PRHWE = patient rated wrist and hand evaluation. 
 
Other limitations include the retrospective design of Study 1, although it did include a 
standardised outcome measure and the same follow-up point in time for all patients 
reviewed. It was also not possible to blind participants in Study 2 and 3, although all 
efforts were made to conceal the alternate exercise type from participants, or the assessor 
in Study 3, although it could be argued this is less important in telephone interview with 
set questions. 
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Despite these limitations, the findings in this thesis are significant and are therefore 
potentially useful to clinicians. The beneficial effect of early commencement of exercise, 
the importance of identifying intense baseline pain, the excellent outcomes that can be 
achieved with rehabilitation were previously unknown for the patient population. 
 
FURTHER RESEARCH  
Most impairment that existed one week after ORIF to repair proximal phalangeal fracture 
was largely resolved by six months. Although PIP extension reported in the current 
studies was superior to that reported previously, a perceived inability to completely 
extend the PIP persisted in two-thirds of participants. However, this deficit did not appear 
to interfere with hand use or limit participation. Therefore, following up people who have 
received and are adherent to an intensive rehabilitation program over a much longer time 
span (i.e., years) to determine whether this deficit does eventually disappear would be 
interesting. Furthermore, establishing a threshold for the magnitude of PIP “extensor lag” 
that does not interfere with activity or participation would assist clinicians to guide 
patient expectations and goal setting during rehabilitation.  
 
The only impairment that predicted outcome at 12 weeks was resting pain one week after 
ORIF to repair proximal phalangeal fracture. It could therefore be interesting to explore 
the effect of targeted intervention for patients who report severe resting pain (> 5/10 on a 
10-cm VAS) within a week of surgery. Changing delivery of rehabilitation (i.e. shorter 
but more frequent supervised sessions) and/or content (i.e. use more strategies to mask 
pain while exercising strength and range) may result in improved outcome for these 
patients. 
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CLOSURE  
1. Data sheets were kept in a locked filing cabinet in the Unit Head Hand Therapy 
office at Sydney Hospital, accessible only to the investigators. 
 
2. An electronic copy of the ethics, de-identified data, procedures, and the thesis will be 
saved in the database of the Sydney Hospital Hand Therapy Unit in a folder entitled 
"OPTIMISING OUTCOMES FOLLOWING PROXIMAL PHALANGEAL 
FRACTURE FIXATION ACTIVITY". 
 
3. Names of study participants were not recorded on the data sheets nor entered into the 
database. Instead, participants were referred to by their participant number. 
 
4. Publication of results is underway and all data will be sent to appropriate peer 
reviewed journals for publication. 
 
5. A copy of publications will be sent to study participants with a cover letter 
expressing appreciation for their participation in this project once publication occurs. 
 
6. The research findings from this thesis have begun to be disseminated to the wider 
hand therapy and surgery communities over the past six years via oral presentation of 
submitted abstracts at both the Australian Hand Therapy Association Annual 
Conference and the Annual New South Wales Hand Surgery Conference.  
 
7. Dissemination of results will continue, eg, I have been invited to be one of three 
keynote speakers at the Annual Conference of the Australian Hand Therapy 
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Association in October 2015, where the overall research findings from this thesis will 
be presented via oral presentations and workshops. In addition, to assist with 
implementation at the clinician level, a full detailed description of the intervention 
including images and handouts has been lodged on the eAddenda of the Journal of 
Physiotherapy publication of Study 2. 
 
8. The staff of the Sydney Hospital Hand Unit assisted the principle investigator in 
recruitment, intervention and measurement of participants in this thesis, thus, copies 
of papers reviewed in this thesis will be sent to them in appreciation for their 
assistance and support.  
 
9. The principle investigator received a research bursary from the Australian Hand 
Therapy Association (AHTA) for a statistics package and a goniometer. A copy of 
any published papers will be sent to them following publication.  
 
SUMMARY  
The studies presented in this thesis examined the factors associated with, and efficacy of, 
intervention for proximal phalangeal fractures following surgical fixation. Early 
commencement of active exercise predicts greater range of motion than delayed 
commencement, and intense pain at rest at baseline predicts pain at rest, pain with 
activity, and hand use twelve weeks later. Although type of active exercise was not found 
to effect outcome at the impairment, activity limitation or participation restriction level in 
the short or medium term, excellent outcome is possible following ORIF for this fracture 
when it is coupled with an intensive rehabilitation program, with most recovery occurring 
in the first six weeks following surgery. The results found in this thesis could provide a 
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benchmark for pattern of recovery following proximal phalangeal fracture fixation, given 
they are the best to date. 
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APPENDIX A 
 
INDIVIDUAL PARTICIPANT DATA FROM STUDY 1 
 
Pt. No. # No. Surgery 
date 
Age 
 
Gender 
 
  
Injured 
hand 
 
 
Injured 
finger 
 
 
Fracture 
location 
 
  
Fracture 
location  
 
 
Fixation type 
 
 
Time from 
surgery to 
commencement 
of active 
exercise 
Total active 
ROM at six 
weeks 
post-
operatively  
   (yr) (F = 1; 
M = 2) 
(R = 1; 
L = 2) 
(IF = 2; 
MF = 3; 
RF = 4; 
LF = 5) 
{MCP = 1; 
proximal = 2; 
midshaft = 3; 
distal = 4; 
PIP = 5) 
(IA = 1; 
EA = 2) 
(ORIF = 1; 
K-wire = 2) 
(days) (deg) 
1 1 05.01.07 28 2 1 5 2 2 2 11 204 
2 2 31.12.06 26 1 2 5 3 2 1 9 240 
3 3 04.01.07 36 2 1 4 5 1 1 20 120 
4 4 17.01.07 38 2 1 5 2 2 1 5 215 
5 5 12.03.07 28 2 2 3 5 1 1 10  
6 6 09.03.07 30 2 1 4 3 2 1 5 135 
7 7 15.03.07 52 2 1 4 2 2 1 5  
8 8 18.03.07 33 2 1 4 2 2 1 9  
9 9 15.02.07 40 2 2 4 1 1 1 15 120 
10 10 08.03.07 46 1 2 3 2 2 2 28 150 
11 11 19.03.07 54 2 1 2 5 1 1 21 102 
12 12 29.03.07 74 2 2 5 1 1 1 4  
13 13 04.04.07 32 2 1 5 3 2 1 1  
14 14 23.04.07 30 2 2 2 2 2 2 4 203 
15 15 24.04.07 30 2 1 5 2 2 2 42 76 
16 16 03.04.07 69 2 2 3 1 1 1 8 236 
17 17 17.04.07 18 2 2 4 5 1 1 6  
  155 
18 18 07.05.07 36 1 1 5 2 2 1 3 148 
19 19 02.05.07 26 2 2 2 1 1 2 7 163 
20 20 22.05.07 14 2 1 5 4 2 2 45 0 
21 21 31.05.07 29 2 2 2 3 2 2 13 182 
22 22 12.06.07 35 2 2 4 2 2 2 6  
23 23 30.05.07 50 2 1 5 5 1 1 2 136 
24 24 10.07.07 35 2 2 5 2 2 2 36  
25 25 03.07.07 23 2 2 3 5 1 1 35 146 
26 26 23.07.07 45 1 2 5 3 2 1 1 256 
27 27 24.07.07 30 1 1 4 5 1 1 3  
28 28 03.08.07 59 2 2 4 2 2 2 4 135 
29 29 30.08.07 36 1 1 5 2 2 2 1  
30 30 06.08.07 25 2 1 5 1 1 2 8  
31 31 29.08.07 56 1 1 2 2 2 1 2 162 
32 32 08.08.07 36 1 2 5 5 1 1 8  
33 33 24.09.07 43 2 1 4 2 2 2 28 76 
 34     5 2 2 2 28 67 
34 35 11.10.07 39 1 1 4 5 1 1 14 182 
35 36 05.10.07 34 2 1 4 2 2 2 28 87 
 37     5 2 2 2 28 70 
36 38 29.09.07 45 2 1 2 2 2 2 6  
37 39 29.10.07 32 1 1 4 3 2 1 2 157 
38 40 28.11.07 33 2 2 2 1 1 1 2 242 
39 41 04.12.07 39 2 1 2 1 1 1 6 198 
40 42 11.12.07 25 2 2 2 3 2 1 6 207 
41 43 21.12.07 42 1 2 5 2 2 1 3 195 
42 44 02.01.08 19 2 2 4 2 2 1 2  
  156 
43 45 02.01.08 19 1 2 5 3 2 1 1 207 
44 46 28.12.08 14 2 2 4 3 2 2 5 142 
45 47 01.02.08 51 2 2 2 5 1 1 3 170 
46 48 21.01.08 22 2 1 5 3 2 2 20  
47 49 13.02.08 33 1 1 4 3 2 1 3  
48 50 07.03.08 67 1 1 5 2 2 2 4 165 
49 51 04.03.08 48 2 1 4 3 2 1 1  
50 52 29.01.08 20 1 1 4 3 2 1 42  
51 53 10.03.08 58 2 1 2 3 2 1 2  
52 54 13.03.08 23 1 1 5 4 2 1 7  
53 55 22.03.08 32 2 1 3 1 1 1 10 150 
54 56 03.04.08 15 2 2 3 5 1 1 1  
55 57 06.05.08 18 2 1 2 3 2 1 7  
56 58 24.06.08 18 2 1 2 1 1 1 6 234 
57 59 30.05.08 29 2 2 4 1 1 1 6  
58 60 30.05.08 30 2 2 5 2 2 2 28 144 
59 61 27.06.08 25 1 1 3 5 1 1 3  
 62     4 4 2 1 3  
60 63 21.06.08 54 1 1 2 3 2 1 11 154 
61 64 20.06.08 28 1 2 5 3 2 1 3  
62 65 02.06.08 17 2 1 5 5 1 2 28 100 
63 66 10.07.08 68 1 1 4 3 2 2 13 155 
64 67 26.08.08 19 1 2 4 3 2 1 7 166 
65 68 12.08.08 25 2 2 2 3 2 1 7 234 
66 69 08.08.08  2 1 5 4 2 1 3 184 
67 70 20.08.08 56 1 2 3 5 1 1   
68 71 15.09.08 48 2 1 5 4 2 2 22 50 
  157 
69 72 22.08.08 58 2 1 5 4 2 1 10  
70 73 26.08.08 19 1 2 4 3 2 1 7 166 
71 74 28.08.08 29 2 1 4 4 2 1 6 192 
72 75 05.09.08 20 2 2 5 5 1 1 4 196 
73 76 08.09.08 46 2 2 3 3 2 1 9 172 
74 77 26.08.08 31 2 1 5 1 1 1 7 252 
75 78 22.09.08 18 2 1 5 2 2 2 10 256 
76 79 17.09.08 29 2 2 4 1 1 1 8 234 
77 80 10.10.08 22 2 2 5 2 2 1 3  
78 81 17.10.08 23 2 1 5 2 2 1 4  
79 82 15.10.08 26 2 1 5 1 1 1 8 258 
80 83 03.10.08 22 2 2 4 2 2 2 7  
Pt = patient; # = fracture; IF = Index finger; MF = Middle finger; RF = Ring finger; LF = Little finger; IA = intra-articular; EA = extra-articular; ORIF = open reduction and internal 
fixation; K-wire = closed reduction and Kirshner wire fixation; ROM = range of motion 
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APPENDIX B 
 
RESULTS OF MULTIPLE REGRESSION ANALYSIS FOR STUDY 1 
 
 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
1 .751a .564 .526 40.747 
a. Predictors: (Constant), Time to Commencement of exercise, Fracture Location (IA vs 
EA), Injured Finger (LF vs Other), Fixation Type (ORIF vs K-wire) 
 
 
Coefficientsa 
Model Unstandardised 
Coefficients 
Standardised 
Coefficients 
t Sig. 
B Std. Error Beta 
1 
(Constant) 265.862 32.870 
 
8.088 .000 
Fixation Type (ORIF vs 
K-wire) 
-8.243 15.753 -.068 -.523 .603 
Fracture Location (IA vs 
EA) 
-13.507 13.268 -.109 -1.018 .314 
Injured Finger (LF vs 
Other) 
-13.359 11.921 -.112 -1.121 .268 
Time to Commencement 
of exercise (days) 
-3.864 .673 -.700 -5.741 .000 
a. Dependent Variable: total active range of motion at Week 6 
ORIF = open reduction and internal fixation; K-wire = Closed reduction and internal 
fixation with K-wire; IA = Intra-articular; EA = Extra-articular; LF = Little finger; Other = 
index finger, middle finger or ring finger 
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Patient Information Sheet [Version number 4] [23/11/2010]   Page 
2 of 7 
 
3. ‘What if I don’t want to take part in this study, or if I want to withdraw 
later?’ 
Participation in this study is voluntary. It is completely up to you whether or not 
you participate. If you decide not to participate, it will not affect the treatment you 
receive now or in the future. Whatever your decision, it will not affect your 
relationship with the staff caring for you. 
 
If you wish to withdraw from the study once it has started, you can do so at any 
time without having to give a reason. 
 
However, it may not be possible to withdraw your data from the study results if 
these have already had your identifying details removed. 
 
 
4. ‘What does this study involve?’ 
If you agree to participate in this study, you will be asked to sign the Participant 
Consent Form. 
 
You will need to attend one hand therapy appointment each week for at least six 
weeks after surgery. You will need to allow at least one hour for your Hand 
Therapy appointments.  
 
Whilst participating in this research project, as well as being taught a specific 
hand exercise program you will also receive all other standard hand therapy 
treatment including wound, swelling and scar management and you will have 
removable thermoplastic protective splints fitted.  
 
If you agree to participate in this study, you will have initial range of motion 
measurements of the injured finger/s taken before commencing treatment with 
one of the Hand Physiotherapists or Hand Occupational Therapists here at 
Sydney Hospital today. Further range of motion measurements as well as grip 
strength and a brief survey assessing pain and function levels will also be carried 
out at six and twelve weeks after your surgery here at Sydney Hospital. 
Therefore the total duration of this study will be twelve weeks. Even if you do not 
agree to be part of this study, you will require the same amount of time for your 
rehabilitation. You will also receive a follow- up phone call at six months asking 
for your opinion regarding the outcome of your injured finger.  
 
5. ‘How is this study being paid for?’ 
The study is not being sponsored. No money is being paid directly to any of the 
researchers to undertake this study. 
 
 
6. ‘Are there risks to me in taking part in this study?’ 
Hand exercises are a standard part of rehabilitation following finger surgery to 
prevent joint stiffness. Even if you decided not take part in this study, you would 
be asked to perform hand exercises to help regain your finger motion and get the 
best result following your surgery. Sometimes, particularly in the first few weeks, 
you may experience increase in pain, swelling or redness in the finger if you are 
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exercising too vigorously. To try to prevent this, you will be asked to undertake 
exercises only as tolerated within a pain- free range and be provided with written 
advice about what to do if this does occur.  
 
 
7. ‘Will I benefit from the study?’ 
This study aims to further hand therapy knowledge and may improve future 
treatment of proximal phalanx fractures in the finger. While we cannot and do not 
guarantee this, participants in this study would be expected to have at least the 
same, if not more chance, of a good recovery compared to people who are not 
participating in a study. 
 
 
8. ‘Will taking part in this study cost me anything, and will I be paid? 
Participation in this study will not cost you anything. You will not receive any 
financial benefit from participating in this research. 
 
 
9. ‘How will my confidentiality be protected?’ 
All aspects of the study, including results, will be strictly confidential and only the 
investigators named above will have access to information on participants, 
except as required by law. A report of the study may be submitted for publication, 
but individual participants will not be identifiable in such a report. 
Any identifiable information that is collected about you in connection with this 
study will remain confidential and will be disclosed only with your permission, or 
except as required by law.  
 
 
10. ‘What happens with the results?’ 
If you give us your permission by signing the consent document, we plan to 
publish the results in peer- reviewed journals and present the findings at 
conferences and professional forums.  
 
In any publication, information will be provided in such a way that you cannot be 
identified. Results of the study will be provided to you, if you wish. 
 
 
11. ‘What should I do if I want to discuss this study further before I decide?’ 
When you have read this information, the researcher Lauren Miller will discuss it 
with you and any queries you may have. If you would like to know more at any 
stage, please do not hesitate to contact her on 02 9382 7206. 
 
 
12. ‘Who should I contact if I have concerns about the conduct of this study?’ 
This study has been approved by both the SESIAHS NHN Human Resources 
Ethics Committee and The University of Sydney Human Resources Ethics 
Committee. Any person with concerns or complaints about the conduct of this 
study should contact the Research Office which is nominated to receive 
complaints from research participants. You should contact them on 02 0382 
3587 and quote HREC reference number 09/169. 
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Any person with concerns or complaints about the conduct of this study may also 
contact the Research Ethics Secretariat, South Eastern Sydney and Illawarra 
Area Health Service – Northern Hospital Network, Prince of Wales Hospital, 
Randwick NSW 2031 Australia (phone 02-9382 3587, fax 02-9382 2813, email 
ethicsnhn@sesiahs.health.nsw.gov.au)  
 
 
Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached consent form. 
This information sheet is for you to keep. 
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Signature of investigator   Please PRINT name   Date 
 
_________________________  _______________________  _______________ 
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APPENDIX F 
 
PROCEDURES (EXTENDED VERSION) FOR STUDIES 2 AND 3 
 
Procedures 
Immediately post-operatively 
In order to correctly identify all possible participants for this trial, surgeons who 
performed ORIF of a proximal phalangeal fracture at Sydney hospital were asked to 
document on the operation report:  
 Fixation type (approach, method of fixation) 
 Stability of fixation (in particular whether it was strong enough to withstand 
active range of motion exercises being commenced within 7 days post-
operatively) 
 Request for review at clinic or hand therapy within 7 days post-operatively to be 
organised prior to discharge 
Additionally, the surgeons also completed the electronic medical record and were able to 
contact the on-site researcher [R] Lauren Miller directly by telephone to alert her of a 
possible participant. 
Follow-up appointments for potential participants were co-ordinated by nursing staff 
prior to discharge from the Hospital. 
 
[R] regularly checked the following: 
 An electronic medical record (EMR) alert list set up to identify all proximal 
phalangeal fractures repaired using ORIF 
 Phone messages from surgeons registering new proximal phalangeal fractures 
repaired using ORIF 
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 As a further measure to avoid missing any potential participants, if any potential 
participant was identified as not having an initial follow-up appointment booked 
within the first week post-operatively, [R] arranged for the individual to be 
contacted and a timely appointment provided at either the Sydney Hospital Hand 
Clinic or directly at the Sydney Hospital Hand Therapy Unit.  
 
Initial post-operative review (Week 0-1 post-surgery) 
Upon return to the hand clinic at Sydney Hospital for their initial post-operative review, 
all patients who met the inclusion criteria were approached by an independent recruiter 
[IR] Kate Maloney, a Clinical Nurse Specialist who was not involved in their 
rehabilitation. The participant information sheet (Appendix D) was discussed with the 
patients, stressing the importance of being available for the scheduled follow-up visits. 
The opportunity to ask questions, and decline without penalty was provided. Any patients 
meeting the exclusion criteria were recorded, along with reason for exclusion. Those 
patients meeting all of the inclusion and none of the exclusion criteria were offered a 
place in the trial by [IR], and those that agreed to participate were asked to sign the 
informed consent form (Appendix E) and enrolled in the study.  
 
Following enrolment, initial baseline demographic data (age, gender, injury, employment 
etc.) was recorded by the [T] on a standardised form (Appendix G). Following this, pre-
intervention assessment measures were taken and recorded on a different standardised 
form (Appendix H) by an Assessor [A]. Measures were taken in a separate room of the 
hand therapy treatment area. All assessors were provided with instructions regarding 
standardised assessment techniques prior to commencing any assessments and a reminder 
of standardisation procedures was also documented on the assessment sheet itself. This 
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acted to ensure positioning and verbal instructions for all measures were standardised as 
per the methods described by the American Society of Hand Therapists for collecting 
range of motion and grip strength data.  
 
Following initial measurement, participants were stratified according to the severity of 
the fracture and type of open surgical reduction procedure. Level 1 complexity fractures 
were called “Complex” (C) injuries, and were those fractures that required a dorsal 
extensor tendon splitting approach and/or were intra-articular fractures. Level 2 
complexity fractures were called “Simple” (S) and included all fractures that did not 
satisfy Level 1 criteria. 
 
Following stratification the participants were randomly allocated to one of two treatment 
groups using a concealed allocation process in which group determination was based on a 
previously determined, random sequence of binomial numbers contained in sealed 
opaque envelopes. Numbers were generated in blocks of 20 (for Level 1 stratum 
participants-the “C”s) and in blocks of 10 (for Level 2 stratum participants-the “S”s). The 
treating therapist [T] allocated via selecting an envelope with a “C” or an “S” prefix, 
depending on stratification. The “C” envelopes were titled from C1 to C60, and the “S” 
envelopes were titled from S1 to S60. Both this number and the participant’s enrolment 
number were recorded on the study data collection sheet, in the participant’s medical 
record and on all study documents. [T] opened the envelope containing information 
regarding randomisation into experimental (1) or control (2) group, and recorded the 
group allocation in the participant’s medical record. Participants were not advised as to 
which treatment group they had been allocated to. Participants were also not advised 
about the difference in treatment between groups, apart from the general information 
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provided in the patient information sheet prior to randomisation. Therefore, although 
formal blinding of the participants to treatment group was not possible, both the paucity 
of documented evidence on treatment for this injury and the fact that none of the 
participants had previously sustained this injury meant that it was unlikely that 
participants would be aware whether they were receiving a standard or a novel 
intervention. 
 
After randomisation, [T] commenced their hand therapy intervention as per group 
allocation in the separate location to prevent [A] from observing which group the 
participant was in. At the end of their treatment session, participants in the experimental 
group were asked to keep their MCP blocking orthosis concealed in their bag upon 
departure and arrival at future clinic follow-up appointments and not to reveal it until 
asked to by [T] once inside the separate treatment area.  
 
Week 2-5 reviews 
Between ten and fourteen days post-operatively, participants returned for follow-up 
appointment with [T]. Following this, ongoing weekly reviews with [T] continued until 
Week 6. 
 
Week 6 review 
Week 6 outcome measures were taken by [A] prior to treatment. All orthoses were 
concealed from [A] and the participant was discouraged from communicating about any 
part of their intervention with [A] to maintain assessor blinding to group allocation. 
Following assessment with [A], the participant was reviewed and treated by [T].  
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Week 7 -11 reviews 
Weekly follow-up appointments with [T] were scheduled to continue toward gains in 
range of motion, grip strength, activity and participation. 
 
Week 12 review 
Week 12 outcome measures were taken by [A] prior to treatment. Strategies to maintain 
assessor blinding to group were as per Week 6 review. Timing of all procedures, 
measurements and intervention are outlined in Table 1.  
 
Table 1 Design of the single blinded randomised trial showing timing of procedures, 
intervention and measurement during the 12 week trial period and follow-up 
call at 26 weeks.  
 
   Timeline of Trial 
  Wk 0-1 Wk 2-5 Wk 6 Wk 7 -11 Wk 12 Wk 26 
Procedure  Informed Consent by 
[R] 
 
       
 Inclusion/Exclusion 
criteria by [T] 
 
       
 
Stratification and 
Randomisation by [T] 
 
       
Intervention by 
[T]  
 Intervention as per 
group allocation  
 
           
 Usual Care          
 
Usual Care + isolated 
blocking ex; stretches; 
strengthening ex 
 
         
Outcome 
Measures 
 
Active ROM 
 
      
 PIP ext 
(deg)  
 
              
 
 Total ROM  
(deg) 
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Passive ROM 
 
      
 
 PIP ext (deg)                
 Pain        
 
 
At rest (VAS) 
(cm) 
 
              
 During activity 
(PRWHE) 
(0 to 50) 
 
              
 
 
Strength  
 
      
 Grip Strength 
(kg) 
 
          
 
 
Activity limitations 
 
      
 Difficulty with hand 
use (PRWHE) 
(0 to 50) 
 
            
 
 
Return to Work  
 
              
 
Exercise adherence 
 
           
 
 
Hand XRay 
(either wk 4 or wk 6) 
 
        
 Adverse Event & 
Serious Adverse Event 
Assessment 
 
          
[T] = Treating therapist; [R] = Researcher;  = Yes;   = measurement that will be used in analysis of 
results; ext = extension; VAS = Visual analogue scale; PRWHE = Patient rated wrist and hand 
evaluation; ROM = Range of motion 
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Table 2 Procedures advice table for treating physiotherapists and occupational 
therapists 
Week 1 Review 
Pre- 
treatment 
admin  
([R] will 
assist with 
these items) 
Switch on 
heat pan 
and 
prepare Ax 
Sheets 
With [R] 
determine 
injury/ repair 
severity: 
Simple (S) or 
Complex (C)  
Ask [A] to 
complete 
Data 
Recording 
sheet: Ax 1 
 
(Dressing 
change may 
be required 
prior to this- 
see below) 
 
Complete 
Baseline 
Participant 
Information 
Sheet 
 
Select 
envelope (C) 
or (S) and 
advise [R] 
group 
allocation. 
[T] (you) will 
document 
this in 
medical 
record and 
[R] will add 
to purple 
recording 
book 
Assess 
(Document 
measures as 
appropriate) 
XR review Oedema Pain Wound (as 
appropriate) 
AROM + 
PROM 
 
Treat Educate: 
Re: 
fracture 
healing 
 
Timeline of 
healing 
explained, 
role of 
surgery to 
obtain 
stability 
etc. 
Educate: 
Re: 
maintenance 
of active 
mobility in 
other upper 
limb joints 
and elevation 
advice 
Fabricate: 
Removable 
orthosis 
including the 
injured and 
adjacent 
finger/s 
[POSI]  
 
To be used 
for comfort 
and rest 
Encourage 
overnight 
use 
Dressings: 
Movement 
friendly 
 
Oedema Mx: 
via Coban or 
cohesive as 
the dressing 
fixative (give 
warnings) 
Commence:
Exercises as 
per group 
allocation 
 
Give + read 
out handout 
 
Emphasise 
technique  
 
Outline reps/ 
frequency as 
per handout 
Post- 
treatment 
admin  
([R] can 
complete 
these) 
Give [R] 
the Ax 
sheets + 
random* 
envelope 
Add 
adherence 
Ax sheets to 
the notes. 
 
 
Complete 
notes 
Schedule 
next 5 appt’s 
(one per 
week) 
Coordinate 
Week 6 appt. 
to block EMR 
slot for both 
an [A] and 
yourself 
Provide a 
bag to 
conceal all 
items 
(maximises 
blinding) 
Encourage 
its use at 
future appts. 
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Week 2 Review 
Pre- 
treatment 
admin  
([R] will 
assist with 
these items) 
Organise reminder call one day prior to their appt. as necessary 
Assess 
(Document 
measures as 
appropriate) 
Oedema Pain AROM + 
PROM  
Wound Ax/ 
Scar Ax 
Complete 
“adherence 
sheet week 
2” 
Treat Reiterate: 
Education 
regarding 
fracture 
healing 
 
Continue: 
Oedema 
Mx via 
Coban  
Encourage 
removal of 
Coban for 
exercises if 
needed 
Reiterate: 
Education 
regarding 
maintenance 
of active 
mobility in 
other upper 
limb joints 
and elevation 
advice 
Check/Alter: 
Removable 
orthosis 
[POSI]  
 
Reiterate:  
For comfort 
and rest 
 
Can be 
removed for 
light pain-
free ADL i.e. 
typing, 
writing, using 
cutlery, 
dressing, 
turning door 
handles, 
grasping light 
objects etc. 
 
Encourage 
overnight 
use 
Remove: 
sutures as 
necessary 
 
Commence: 
Scar Mx 
 
Retrograde 
and scar 
massage 
 
Provide 
Handout 
 
Silicone as 
needed 
Reiterate: 
Exercises as 
per group 
allocation. 
Adjust 
exercise 
orthosis as 
needed. 
 
Exercise in 
warm water 
if wound 
closed. 
 
Reinforce: 
Technique;  
reps and 
frequency as 
per handout 
Post- 
treatment 
admin  
([R] can 
complete 
these) 
Confirm next scheduled 
treatment with participant 
Ensure the “adherence sheet 
week 2” is completed 
If DNA- note this on the 
sheet with date 
Complete 
notes 
 
Week 3- 5 Reviews 
Pre- 
treatment 
admin  
([R] will 
assist with 
these items) 
Organise reminder call one day prior to their appt. as necessary 
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Week 3- 5 Reviews 
Assess 
(Formal 
measures as 
appropriate) 
Oedema Pain AROM + 
PROM  
Scar Ax Complete 
“adherence 
sheet week 
3, 4, or 5” as 
approp. 
Treat Reiterate: 
Education 
regarding 
fracture 
healing re: 
Week 3 - 5 
 
Continue: 
Oedema 
mx via 
Coban. 
Encourage 
removal of 
Coban for 
exercises if 
needed 
Reiterate: 
Education 
regarding 
maintenance 
of active 
mobility in 
other upper 
limb joints 
and elevation 
advice 
Check: 
Removable 
thermoplastic 
orthosis 
[POSI]  
 
Reiterate:  
For comfort 
and rest 
 
Can be 
removed for 
light pain- 
free ADL i.e. 
typing, 
washing up, 
writing, using 
cutlery, 
dressing, 
turning door 
handles, 
grasping light 
objects etc. 
 
Encourage 
overnight 
use 
Continue: 
Scar Mx 
 
Retrograde 
and scar 
massage 
 
Silicone as 
needed 
Reiterate: 
Exercises as 
per group 
allocation. 
 
Adjust 
exercise 
orthosis as 
needed 
 
Exercise in 
warm water if 
wound 
closed. 
 
Reinforce: 
Technique;  
reps and 
frequency as 
per handout 
Post- 
treatment 
admin  
([R] can 
complete 
these) 
Confirm next scheduled 
treatment with participant 
Ensure the “adherence sheet 
week 3,4, or 5” is completed. 
If DNA- note this on sheet 
with date 
Complete 
notes  
 
Week 6 Review 
Pre- 
treatment 
admin  
([R] will 
assist with 
these items) 
Organise 
reminder 
call one 
day prior to 
their appt. 
as 
necessary 
 
 
Participant 
will have 
assessment 
with [A] prior 
to treatment 
Guide 
participant to 
treatment 
room and 
encourage 
all 
equipment/ 
orthoses etc 
to be placed 
out of view 
 
Discourage participant from 
discussing any aspect of 
their treatment with [A] 
during assessment 
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Week 6 Review 
Assess 
(Formal 
measures as 
appropriate) 
Oedema/ 
Pain 
Activity  
i.e. Are they 
using their 
hand? 
AROM + 
PROM  
Scar Ax Complete 
“adherence 
sheet week 
6”  
Treat Reiterate: 
Education 
regarding 
fracture 
healing re: 
Week 6 
 
Continue: 
Oedema 
Mx via 
neoprene 
stall if 
needed 
 
Encourage 
removal of 
neoprene 
for 
exercises if 
needed 
Check: 
Removable 
thermoplastic 
orthosis 
[POSI]  
 
Wean 
orthosis: 
Encourage 
overnight 
use 
Discourage 
day use 
(however 
may be 
required for 
some 
periods in 
day if unable 
to achieve 
full passive 
PIPJ 
extension). 
Encourage: 
Moderate 
pain-free 
ADL. 
i.e. all as 
previous with 
loading up to 
5 kg now as 
tolerated.  
No sports or 
heavy lifting. 
 
 
Continue: 
Scar Mx 
 
Retrograde 
and scar 
massage 
 
Silicone as 
needed 
Continue: 
Exercises as 
per group 
allocation. 
 
Exercise in 
warm water  
 
Add: 
Gentle 
sponge 
squeeze 
strengthenin
g 
 
Add: 
Isolated 
blocked PIP 
and DIP joint 
F/E 
exercises 
 
Post- 
treatment 
admin  
([R] can 
complete 
these) 
Confirm 
next 
scheduled 
treatment 
with 
participant. 
Arrange 
future 
appointme
nts as 
needed 
over next 6 
weeks 
Coordinate Week 12 appt. to 
block EMR slot for both an 
[A] and yourself 
Ensure the 
“adherence 
sheet week 
6” is 
completed. 
If DNA- note 
this on sheet 
with date. 
Give the 
adherence 
sheets to [R] 
at this time 
Complete 
notes  
 
Week 7 - 11 Review 
Pre- 
treatment 
admin  
([R] will 
assist with 
these items) 
Organise reminder call one 
day prior to their appt. as 
necessary 
 
  
 
Appointments once per week as able 
Assess 
(Formal 
measures as 
appropriate) 
Oedema/ 
Pain 
Activity/ 
Participation  
i.e. Are they 
using their 
hand? 
Scar Ax AROM + 
PROM  
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Week 7 - 11 Review 
Treat Reiterate: 
Education 
regarding 
fracture 
healing re: 
Week 7-11 
 
Continue: 
Oedema 
Mx via 
neoprene 
stall if 
needed 
 
Encourage 
removal of 
neoprene 
for 
exercises if 
needed 
Check: 
Removable 
thermoplastic 
orthosis 
[POSI]  
 
Wean 
orthosis: 
Encourage 
overnight 
use 
 
Discourage 
day use 
(however 
may be 
required for 
some 
periods in 
day if unable 
to achieve 
full passive 
PIPJ 
extension). 
Encourage: 
Moderate 
pain- free 
ADL. 
Moderate 
pain-free 
ADL. 
i.e. all as 
previous with 
loading up to 
5 kg now as 
tolerated.  
No sports or 
heavy lifting. 
Continue: 
Scar Mx 
 
Retrograde 
and scar 
massage 
 
Silicone as 
needed 
Continue: 
Exercises as 
per group 
allocation. 
 
Exercise in 
warm water  
 
Add: 
Putty 
strengthenin
g from Week 
8 
 
Continue: 
Isolated 
blocked PIP 
and DIP joint 
F/E 
exercises 
 
Post- 
treatment 
admin  
([R] can 
complete 
these) 
Confirm next scheduled 
treatment with participant 
 
If DNA- note this in 
participants medical record  
 
Complete 
notes  
 
Week 12 Review 
Pre- 
treatment 
admin  
([R] will 
assist with 
these items) 
Organise 
reminder 
call one 
day prior to 
their appt. 
as 
necessary 
 
 
Participant 
will have 
assessment 
with [A] prior 
to treatment 
Guide 
participant to 
treatment 
room and 
encourage 
all 
equipment/ 
orthoses etc 
to be placed 
out of view 
 
Discourage participant from 
discussing any aspect of 
their treatment with [A] 
during assessment 
Assess 
(Formal 
measures as 
appropriate) 
Oedema/ 
Pain 
Activity/ Participation  
i.e. Are they using their 
hand? 
Scar Ax AROM + 
PROM  
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Week 12 Review 
Treat Reiterate: 
Education 
regarding 
fracture 
healing re: 
Week 12 
 
Continue: 
Oedema 
Mx as 
needed 
Discard 
POSI 
orthosis: 
However 
may be used 
overnight to 
address 
flexion 
contractures 
as needed  
Encourage: 
Full activity/ 
participation 
including 
sports 
 
 
Continue: 
Scar Mx as 
required 
Continue: 
Exercises as 
required to 
increase or 
maintain 
AROM, 
PROM and 
strength 
 
Post- 
treatment 
admin  
([R] can 
complete 
these) 
Organise further reviews with participant 
where clinically indicated i.e. Strength, 
acitivity or ROM deficits persist; scar is 
adhesed or hypersensitive etc  
 
Advise [R] of 
any DNA in 
past 6/52 
Complete 
notes  
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APPENDIX G 
 
BASELINE PARTICIPANT INFORMATION FORM FOR STUDIES 2 TO 5 
 
Participant Number: .....................   Date: ..................... 
 
Age ...............      
Gender Male 
 
Female 
  
    
Occupational 
Category 
Sedentary  
 
Light 
 
Medium 
 
Heavy 
 
Very 
Heavy 
 
Not 
working 
 
Injured Finger Index 
Finger 
 
Middle 
Finger 
 
Ring 
Finger 
 
Little 
Finger 
 
  
Injured Hand Right 
 
Left 
 
    
Dominant 
Hand 
Right 
 
Left 
 
    
Injury Date ..../...../.....      
Injury 
Mechanism 
Fall 
 
 
Sport 
 
 
Violence 
related 
 
Crush 
 
 
MVA/ 
MBA 
 
 
Other 
............... 
 
Surgery Date ..../...../.....  Date of 
Initial HT 
Appt. 
..../...../....   
Surgical 
Approach 
Lateral 
 
 
Dorsal ET 
Split 
 
 
Other 
.............. 
 
   
Number of 
screws 
0 
 
 
1 
 
 
2 
 
 
3 
 
 
4 
 
 
>4 
……….. 
 
Number of 
plates 
0 
 
 
1 
 
 
2 
 
 
3 
 
 
4 
 
 
>4 
………… 
 
Location of 
fracture 
I/A base 
 
E/A base 
 
Shaft 
 
E/A distal 
 
I/A distal 
 
 
Stratification 
Category 
Complex 
 
Simple 
 
    
Insurance 
Status 
Medicare 
 
WC 
 
Private  
 
Overseas 
  
Other 
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APPENDIX H 
 
DATA COLLECTION FORMS FOR STUDIES 2 TO 5 
 
Assessment 1:  
Baseline measures to be taken at the initial session within first post-operative week 
 
Participant Number: .................       Date:  ..................      Assessors Initials ................ 
Total 
(A) ROM (°) 
Injured 
(Record for injured finger/s only) 
Uninjured 
(Record for finger/s contralateral to 
injured finger/s only) 
 IF  MF RF LF IF MF RF LF 
E F E F E F E F E F E F E F E F 
MCPJ                 
PIPJ                 
DIPJ                 
Total active 
ROM 
        
 
Measured as per ASHT guidelines. Dorsal goniometer placement. Wrist neutral. Ask participant to 
extend/ flex all finger joints simultaneously. Joints not measured in isolation. 
 
Isolated 
PIPJ ROM 
(°) 
Injured 
(Record for injured finger/s only) 
Uninjured 
(Record for finger/s contralateral to 
injured finger/s only) 
 IF  MF RF LF IF MF RF LF 
E F E F E F E F E F E F E F E F 
(A) PIPJ                 
(P) PIPJ                 
 
Dorsal goniometer placement. Wrist neutral. Measured with MCP joint immobilised/ blocked in 0 
degrees extension. PIP Joint measured in isolation. If unable to achieve MCP joint 0 degrees 
extension, record here........... degrees from full passive extension, and assess other side  
 
Return to work status (RTW) 
 Week Returned Comment 
Full Duties    
Modified Duties   
How modified? 
Unable to Return    
Other   
What? 
  185 
 
 
VAS 
How severe is your pain today? Place a vertical mark on the line below to indicate how 
bad you feel your pain is today. 
 
No pain    _______________________________________   Pain as bad as it could be 
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Assessment 2:  
Week 6 post-operative measures (page 1) 
 
Participant Number: .................       Date:  ..................      Assessors Initials ................ 
Total 
(A)ROM (°) 
Injured 
(Record for injured finger/s only) 
 IF  MF RF LF 
E F E F E F E F 
MCP Joint         
PIP Joint         
DIP Joint         
Total active 
ROM 
    
 
Measured as per ASHT guidelines. Dorsal goniometer placement. Wrist neutral. Ask participant to 
extend/ flex all finger joints simultaneously. Joints not measured in isolation. 
 
Isolated PIPJ 
ROM (°) 
Injured 
(Record for injured finger/s only) 
 IF  MF RF LF 
E F E F E F E F 
(A) PIPJ         
(P) PIPJ         
 
Dorsal goniometer placement. Wrist neutral. Measured with MCP joint immobilised/ blocked in 
............ degrees from full passive extension. PIP Joint measured in isolation. 
 
Grip Strength (kg) 
(Submaximal) 
Injured Uninjured 
Attempt 1   
Attempt 2   
Attempt 3   
Best Score   
Average Score   
 
Measured with shoulder adducted, elbow 90 degree flexion, neutral forearm rotation and wrist 0 - 30 
degrees extension. Handle position 2. Verbal instructions as per ASHT guidelines (Casanova 1992). 
Instruct participant: “I want you to hold the handle like this and squeeze as hard as you can”. Then, 
once positioned  “Are you ready? Squeeze as hard as you can. Harder! Harder! Harder!... Relax.” 
Please support lightly underneath the dynamometer. 
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Assessment 2: 
Week 6 post-operative measures (page 2) 
 
Participant Number: .................       Date:  ..................      Assessors Initials ................ 
Patient Rated Wrist and Hand Evaluation Score 
Scale Scoring 
Items 
Pain Subscale        / 50  
 Function Subscale  
(need to divide score by 2) 
       / 50  
Total  (Pain + Function)        / 100  
Optional 
Appearance 
How Important is the 
Appearance of your hand? 
Very much 
 
Somewhat 
 
Not at all 
 
 Satisfaction with appearance of 
wrist/ hand during past week 
       / 10  
 
 
Return to work status (RTW) 
 Week Returned Comment 
Full Duties    
Modified Duties   
How modified? 
Unable to Return    
Other   
What? 
 
 
VAS 
How severe is your pain today? Place a vertical mark on the line below to indicate how bad 
you feel your pain is today. 
 
No pain    ___________________________________________   Pain as bad as it could be 
 
 
On average, how often each day did you complete the exercise program? 
< 1 1 x 2 x 3 x 4 x  5 x  6 x  7 x  8 x  9 x  10 x  > 10 
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Assessment 3:  
Week 12 post-operative measures (page 1) 
 
Participant Number: .................       Date:  ..................        Assessors Initials ................ 
 
Total 
(A)ROM (°) 
Injured 
(Record for injured finger/s only) 
 IF  MF RF LF 
E F E F E F E F 
MCP Joint         
PIP Joint         
DIP Joint         
Total active 
ROM 
    
 
Measured as per ASHT guidelines. Dorsal goniometer placement. Wrist neutral. Ask participant to 
extend/ flex all finger joints simultaneously. Joints not measured in isolation. 
 
Isolated PIPJ 
ROM (°) 
Injured 
(Record for injured finger/s only) 
 IF  MF RF LF 
E F E F E F E F 
(A) PIPJ         
(P) PIPJ         
 
Dorsal goniometer placement. Wrist neutral. Measured with MCP joint immobilised/ blocked in 
............ degrees from full passive extension. PIP Joint measured in isolation. 
 
Grip Strength (kg) (Maximal) Injured Uninjured 
Attempt 1   
Attempt 2   
Attempt 3   
Best Score   
Average Score   
 
Measured with shoulder adducted, elbow 90 degree flexion, neutral forearm rotation and wrist 0 - 30 
degrees extension. Handle position 2. Verbal instructions as per ASHT guidelines (Casanova 1992). 
Instruct participant: “I want you to hold the handle like this and squeeze as hard as you can”. Then, 
once positioned  “Are you ready? Squeeze as hard as you can. Harder! Harder! Harder!... Relax.” 
Please support lightly underneath the dynamometer. 
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Assessment 3:  
Week 12 post-operative measures (page 2) 
 
Participant Number: .................       Date:  ..................        Assessors Initials ................ 
 
Patient Rated Wrist and Hand Evaluation Score 
Scale Scoring 
Items 
Pain Subscale        / 50  
 Function Subscale  
(need to divide score by 2) 
       / 50  
Total  (Pain + Function)        / 100  
Optional 
Appearance 
How Important is the Appearance 
of your hand? 
Very much 
 
Somewhat 
 
Not at all 
 
 Satisfaction with appearance of 
wrist/ hand during past week 
       / 10  
 
 
Return to work status (RTW) 
 Week Returned Comment 
Full Duties    
Modified Duties   
How modified? 
Unable to Return    
Other   
What? 
 
 
VAS 
How severe is your pain today? Place a vertical mark on the line below to indicate how bad you 
feel your pain is today. 
 
No pain    _____________________________________________  Pain as bad as it could be 
 
 
On average, how often each day did you complete the exercise program? 
< 1 1 x 2 x 3 x 4 x  5 x  6 x  7 x  8 x  9 x  10 x  > 10 
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Assessment 4:  
Month 6 post-operative measures (telephone interview) 
 
Participant Number: .................       Date:  ..................        Assessors Initials ................ 
 
AROM (patient perception questions)  
1. “Can you completely straighten 
your injured finger so that it is as 
straight as the same finger on the 
other side?”  
Yes 
 
  
No 
 
  
 
2. “Can you straighten the injured 
finger the same, more or less than at 
your final therapy appointment?” 
More 
 
 
Same 
 
 
Less 
 
 
3. “Can you completely bend your 
injured finger into a fist shape to the 
same amount as the same finger on 
the other side?” 
Yes 
 
 
No 
 
 
 
4. “Can you bend the injured finger 
the same, more or less than at your 
final therapy appointment?” 
More 
 
 
Same 
 
 
Less 
 
 
 
 
Patient Rated Wrist and Hand Evaluation Score 
Scale Scoring 
Items 
Pain Subscale        / 50  
 Function Subscale  
(need to divide score by 2) 
       / 50  
Total  (Pain + Function)        / 100  
Optional 
Appearance 
How Important is the Appearance 
of your hand? 
Very much 
 
Somewhat 
 
Not at all 
 
 Satisfaction with appearance of 
wrist/ hand during past week 
       / 10  
 
 
RTW 
On a scale from 0 to 10, with 0 being no difficulty and 10 being unable to do, rate how much difficulty 
you have performing your job or usual everyday work? 
0 
(no 
difficulty) 
 
 
1 
 
 
 
 
2 
 
 
 
 
3 
 
 
 
 
4 
 
 
 
 
5 
 
 
 
 
6 
 
 
 
 
7 
 
 
 
 
8 
 
 
 
 
9 
 
 
 
 
10 
 (unable to 
perform) 
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APPENDIX I 
 
INTRA- AND INTER-RATER RELIABILITY FOR GONIOMETRY 
MEASUREMENTS FOR STUDY 2 
 
PART 1: ANALYSIS OF THREE RATERS (ASSESSORS) AT THE 
COMMENCEMENT OF THE TRIAL 
Method 
Researcher (LM) fitted the first template (“Asterisk”) to the volar surface of her middle 
finger. In turn, the three raters (assessors) measured the angle of the PIP on the dorsum of 
the researcher’s middle finger three times each with the template in situ using the 
standardised measurement techniques for goniometry as outlined in Study 2. The raters 
did not see the other raters do this or hear their results. This was repeated with the second 
template (“Cross”) and the third (“Circle”). This process was then repeated another two 
times for all raters with at least one week gap between measurements to attempt to avoid 
raters recalling their previous results.  
 
Data analysis 
To determine reliability the data were considered in two ways: intra-rater to establish how 
consistent each rater was, using ICC(3,1) model, and inter-rater to determine how 
consistent the three people were in terms of absolute agreement using ICC(2,1). 
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Results 
Template Goniometry 
Assessment 
Assessor 
1 
PIPJ (deg) 
Assessor 
2 
PIPJ (deg) 
Assessor 
3 
PIPJ (deg) 
Asterisk 
 
Attempt 1 26 21 26 
Attempt 2 24 24 22 
Attempt 3 26 20 24 
Cross 
 
Attempt 1 44 40 46 
Attempt 2 44 46 46 
Attempt 3 42 44 46 
Circle 
 
Attempt 1 70 71 66 
Attempt 2 68 70 68 
Attempt 3 66 68 66 
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Analysis 
 
Intra-rater reliability 
Rater 1 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower Bound Upper Bound Value df1 df2 Sig 
Single Measures .996b .960 1.000 774.250 2 4 .000 
Average Measures .999c .986 1.000 774.250 2 4 .000 
 
 
Rater 2 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower Bound Upper Bound Value df1 df2 Sig 
Single Measures .992b .922 1.000 390.025 2 4 .000 
Average Measures .997c .973 1.000 390.025 2 4 .000 
 
 
Rater 3 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower Bound Upper Bound Value df1 df2 Sig 
Single Measures .995b .945 1.000 558.727 2 4 .000 
Average Measures .998c .981 1.000 558.727 2 4 .000 
Two-way mixed effects model where people effects are random and measures effects are fixed. 
a. Type C intraclass correlation coefficients using a consistency definition-the between-measure variance is 
excluded from the denominator variance. 
b. The estimator is the same, whether the interaction effect is present or not. 
c. This estimate is computed assuming the interaction effect is absent, because it is not estimable otherwise. 
 
 
Inter-rater reliability 
Attempt 1 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower Bound Upper Bound Value df1 df2 Sig 
Single Measures .984b .886 1.000 159.612 2 4 .000 
Average Measures .995 .959 1.000 159.612 2 4 .000 
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Attempt 2 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower Bound Upper Bound Value df1 df2 Sig 
Single Measures .997b .981 1.000 1387.600 2 4 .000 
Average Measures .999 .993 1.000 1387.600 2 4 .000 
 
Attempt 3 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower Bound Upper Bound Value df1 df2 Sig 
Single Measures .990b .912 1.000 211.400 2 4 .000 
Average Measures .997 .969 1.000 211.400 2 4 .000 
Two-way random effects model where both people effects and measures effects are random. 
a. Type A intraclass correlation coefficients using an absolute agreement definition. 
b. The estimator is the same, whether the interaction effect is present or not. 
 
 
Interpretation 
The reliability values for the measures were high and overwhelmingly significant. Even 
with the poorest CI for the first attempt at each measure, the inter-rater values lay 
between 0.866 and 1, which is considered excellent. With respect to intra-rater 
consistency, rater 1 was slightly better and rater 2 slightly worse, but definitely not 
significantly so. 
In conclusion – the measurements will predictably be consistent whether the same or a 
different rater is used. 
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PART 2: ANALYSIS WITH A FOURTH RATER (ASSESSOR) ADDED MID-
TRIAL  
Method 
A fourth rater was added mid-trial due to change of staffing. The fourth rater measured 
the joint angle three times each on three separate occasions exactly as the previous three 
raters had.  
 
Data analysis 
To determine reliability the data were considered in two ways: intra-rater to establish how 
consistent each rater was, using ICC(3,1) model, and inter-rater to determine how 
consistent the four people were in terms of absolute agreement using ICC(2,1) as 
previously. 
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Results 
 
Template Goniometry 
Assessment 
Assessor 
1 
PIPJ (deg) 
Assessor  
2 
PIPJ (deg) 
Assessor  
3 
PIPJ (deg) 
Assessor  
4 
PIPJ 
(deg) 
Asterisk 
 
Attempt 1 26 21 26 26 
Attempt 2 24 24 22 24 
Attempt 3 26 20 24 26 
Cross 
 
Attempt 1 44 40 46 40 
Attempt 2 44 46 46 42 
Attempt 3 42 44 46 48 
Circle 
 
Attempt 1 70 71 66 66 
Attempt 2 68 70 68 62 
Attempt 3 66 68 66 62 
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Analysis 
Intra-rater reliability 
Rater 1 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound Value df1 df2 Sig 
Single Measures .996b .960 1.000 774.250 2 4 .000 
Average 
Measures 
.999c .986 1.000 774.250 2 4 .000 
 
Rater 2 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound Value df1 df2 Sig 
Single Measures .992b .922 1.000 390.025 2 4 .000 
Average 
Measures 
.997c .973 1.000 390.025 2 4 .000 
 
Rater 3 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationa 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound Value df1 df2 Sig 
Single Measures .995b .945 1.000 558.727 2 4 .000 
Average 
Measures 
.998c .981 1.000 558.727 2 4 .000 
Rater 4 
Intraclass Correlation Coefficient 
 Intraclass 
Correlation 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound 
Value df1 df2 Sig 
Single 
Measures 
.978 .855 .999 135.50
0 
2 6 .000 
Average 
Measures 
.993 .946 1.000 135.50
0 
2 6 .000 
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Inter-rater reliability 
Attempt 1 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationb 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound 
Value df1 df2 Sig 
Single 
Measures 
.985a .916 1.000 231.94
9 
2 6 .000 
Average 
Measures 
.996 .978 1.000 231.94
9 
2 6 .000 
Attempt 2 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationb 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound 
Value df1 df2 Sig 
Single 
Measures 
.988a .933 1.000 460.45
9 
2 6 .000 
Average 
Measures 
.997 .982 1.000 460.45
9 
2 6 .000 
Attempt 3 
Intraclass Correlation Coefficient 
 Intraclass 
Correlationb 
95% Confidence Interval F Test with True Value 0 
Lower 
Bound 
Upper 
Bound 
Value df1 df2 Sig 
Single 
Measures 
.984a .898 1.000 174.16
9 
2 6 .000 
Average 
Measures 
.996 .972 1.000 174.16
9 
2 6 .000 
 
Interpretation 
The addition of a fourth rater makes no difference to the reliability of the data and 
although rater 4 was very slightly less consistent (intra-rater reliability), the 95% CI 
values are still within the “excellent” reliability band. 
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APPENDIX J 
 
HANDOUTS FOR STUDIES 2 AND 3 
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APPENDIX K 
 
INDIVIDUAL PARTICIPANT DATA FROM STUDIES 2 AND 3 
 
 
Pt No. Age Gender Occupational 
Category 
Dominant 
hand 
Injured 
hand 
Injury 
Mechanis
m 
Insurance 
Status 
Injured 
finger 
Fracture 
location 
Surgical 
Approach 
Stratification 
Category 
Injury-
surgery 
delay 
Surgery-
therapy 
delay 
 (yr) (F = 1 
M = 2) 
(Sedentary = 
1 
Light = 2 
Medium = 3 
Heavy = 4 
Very Heavy 
= 5) 
(R = 1 
L = 2) 
(R = 1 
L = 2) 
(Fall = 1 
Sport = 2 
Violence = 
3 Crush = 
4 MVA/BA 
= 5 Other = 
6) 
(MC = 1 
WC= 2 
OS = 3 
Priv = 4) 
(IF = 2; 
MF = 3; 
RF = 4; 
LF = 5) 
{MCP = 1; 
proximal = 2; 
midshaft = 3; 
distal = 4; 
PIP = 5) 
 
Lateral = 1 
Dorsal ET 
Split = 2 
B/T CS and 
LB = 3) 
Complex = 1; 
Simple = 2 
(days) (days) 
Exp              
1 41 2 1 1 2 2 1 2 3 2 2 8 6 
3 44 2 1 1 2 2 1 3 1 2 1 12 3 
4 28 2 2 1 2 2 1 2 2 2 1 4 5 
6 36 1 1 1 2 2 1 2 5 3 1 9 4 
9 52 2 3 1 1 6 1 5 2 2 1 7 3 
10 42 2 2 1 1 4 1 3 3 2 1 1 6 
15 28 2 4 1 1 2 1 5 4 2 1 4 3 
16 21 1 3 1 1 3 3 3 2 2 1 2 3 
20 23 1 1 1 2 2 1 5 2 2 1 1 5 
21 23 2 4 1 2 6 2 2 2 2 1 3 6 
22 25 2 1 1 2 2 4 4 5 3 1 13 3 
24 47 2 1 1 2 4 1 5 1 2 1 1 3 
25 41 1 1 2 2 2 1 4 5 1 1 11 5 
29 28 2 2 1 2 2 1 3 2 2 1 3 3 
32 22 2 2 1 2 3 1 2 3 1 2 6 3 
34 28 2 2 1 2 2 1 5 2 2 1 5 3 
35 34 2 5 1 1 1 1 3 2 2 1 6 5 
39 40 2 1 1 2 2 4 4 1 2 1 3 6 
40 v 2 5 1 1 2 1 4 4 1 2 14 6 
  202 
43 19 2 1 1 2 6 3 5 5 3 1 3 4 
44 26 2 1 2 2 1 1 4 5 3 1 2 4 
45 31 2 2 1 2 2 1 4 3 2 1 8 3 
47 46 1 4 1 1 3 1 3 3 3 2 8 7 
48 32 2 3 1 1 3 1 3 4 3 2 6 3 
49 43 1 2 1 1 2 1 5 2 2 1 3 6 
51 24 1 2 1 2 1 1 3 3 2 1 14 7 
55 22 2 5 1 1 4 1 5 5 2 1 6 2 
56 27 2 1 2 2 1 1 5 3 2 1 9 2 
61 24 2 4 1 2 3 1 5 4 2 1 12 5 
62 36 2 3 1 1 2 1 5 4 2 1 8 2 
65 26 1 1 1 2 3 1 4 4 3 2 1 3 
Mean 32 - - - - - - - - - - 6 4 
SD 9 - - - - - - - - - - 4 2 
Range 19 - 52 - - - - - - - - - - 1 - 14 2 - 7 
Control              
2 45 2 1 2 2 2 1 4 3 3 2 11 6 
5 22 2 1 1 1 4 1 5 1 2 1 5 6 
7 30 1 3 1 1 2 1 4 3 3 2 9 3 
8 34 2 3 1 1 6 1 5 3 3 2 6 4 
11 30 2 2 1 2 2 1 5 2 2 1 11 3 
12 30 2 2 1 2 2 1 2 2 2 1 2 7 
13 22 2 5 1 1 6 2 5 2 2 1 4 3 
14 36 2 1 1 1 3 1 4 4 2 1 11 5 
17 23 2 2 1 1 5 1 5 5 2 1 10 5 
18 28 1 2 1 1 3 1 4 3 3 2 7 6 
19 33 1 3 1 2 1 1 2 1 2 1 2 3 
23 41 1 3 1 2 4 1 5 2 2 1 10 2 
26 35 2 5 1 1 4 2 5 2 2 1 1 5 
27 33 2 2 1 1 2 1 5 5 2 1 5 5 
28 40 1 2 1 2 6 1 5 1 2 1 3 2 
30 58 2 4 1 2 2 1 4 3 2 1 6 3 
31 28 2 1 2 2 1 4 5 2 2 1 2 3 
33 26 2 1 1 1 2 1 5 5 3 1 5 3 
36 54 1 3 1 1 1 4 5 3 1 2 10 3 
37 48 1 3 1 1 1 1 5 1 2 1 13 6 
38 63 1 2 1 2 1 2 4 2 2 1 6 4 
  203 
41 57 1 3 1 2 1 1 4 2 2 1 6 2 
42 53 1 3 1 2 2 4 5 3 2 1 5 4 
46 59 2 3 1 1 4 1 2 2 2 1 7 3 
50 36 2 1 1 2 2 1 4 3 1 2 5 4 
52 20 2 5 2 1 2 1 4 5 3 1 5 6 
53 23 2 2 1 2 2 1 5 5 2 1 12 3 
54 19 2 3 1 1 2 1 5 5 2 1 2 3 
57 35 1 1 1 1 2 1 5 4 2 1 13 2 
58 29 2 4 1 2 2 1 3 1 2 1 9 6 
59 28 2 4 1 2 2 1 5 4 1 2 4 2 
60 33 2 4 1 1 1 1 5 5 3 1 9 2 
63 23 2 3 1 1 3 1 3 1 2 1 3 2 
64 45 2 4 1 2 3 1 5 3 2 1 12 3 
66 26 2 5 2 1 4 1 2 3 2 1 2 2 
Mean 36 - - - - - - - - - - 7 4 
SD 12 - - - - - - - - - - 4 2 
Range 19 - 63 - - - - - - - - - - 1 - 13 2 - 7 
 
Exp = experimental; F = Female: M = Male; R = Right; L = Left; IF = Index finger; MF = Middle finger; RF = Ring finger; LF = Little finger; MC = Medicare; WC = Workers 
compensation; Private = Private health insurance; OS = Overseas fee paying; Priv. = Private; IA = intra-articular; EA = extra-articular; ET = Extensor tendon; B/T CS and LB = 
Between Central slip and Lateral band 
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APPENDIX L 
 
MULTIPLE LINEAR REGRESSION RESULTS FROM STUDY 5 USING SPSS 
FOR MAC (V21) 
 
SPSS analysis for outcome of interest: Pain (at rest) at Week 12 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
1 .450a .202 .128 1.1778 
a. Predictors: (Constant), Dominjured, VAS10Week1, IntravsExtraFractureLocation, 
LittleFingervsOtherFinger 
 
ANOVAa 
Model Sum of 
Squares 
df Mean 
Square 
F Sig. 
1 
Regression 15.141 4 3.785 2.729 .041b 
Residual 59.645 43 1.387   
Total 74.787 47    
a. Dependent Variable: VAS10Week12 
b. Predictors: (Constant), Dominjured, VAS10Week1, 
IntravsExtraFractureLocation, LittleFingervsOtherFinger 
 
Coefficientsa 
Model Unstandardised 
Coefficients 
Standardis
ed 
Coefficients 
t Sig. 95.0% 
Confidence 
Interval for B 
B Std. 
Error 
Beta Lowe
r 
Boun
d 
Uppe
r 
Boun
d 
1 
(Constant) .466 .402  1.159 .253 -.345 1.277 
LittleFingervsOt
herFinger 
-.265 .367 -.106 -.723 .474 -
1.005 
.475 
IntravsExtraFra
ctureLocation 
.322 .349 .126 .922 .362 -.382 1.026 
VAS10Week1 .220 .084 .367 2.629 .012 .051 .389 
Dominjured 
-.361 .358 -.144 -
1.008 
.319 -
1.083 
.361 
a. Dependent Variable: VAS10Week12 
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SPSS analysis for outcome of interest: Pain (with activity) at Week 12 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
1 .451a .203 .129 5.494 
a. Predictors: (Constant), Dominjured, VAS10Week1, IntravsExtraFractureLocation, 
LittleFingervsOtherFinger 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 
Regression 331.494 4 82.874 2.745 .040b 
Residual 1297.985 43 30.186   
Total 1629.479 47    
a. Dependent Variable: PRWHEWeek12Pain 
b. Predictors: (Constant), Dominjured, VAS10Week1, IntravsExtraFractureLocation, 
LittleFingervsOtherFinger 
 
Coefficientsa 
Model Unstandardised 
Coefficients 
Standar
dised 
Coeffici
ents 
t Sig. 95.0% Confidence 
Interval for B 
B Std. 
Error 
Beta Lower 
Bound 
Upper 
Bound 
1 
(Constant) 7.967 1.876  4.247 .000 4.184 11.750 
LittleFingervsOther
Finger 
2.209 1.712 .189 1.290 .204 -1.243 5.662 
IntravsExtraFractu
reLocation 
-1.162 1.629 -.098 -.713 .479 -4.447 2.123 
VAS10Week1 1.157 .391 .414 2.961 .005 .369 1.945 
Dominjured -2.440 1.670 -.209 -1.461 .151 -5.808 .928 
a. Dependent Variable: PRWHEWeek12Pain 
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SPSS analysis for outcome of interest: Hand Use at Week 12 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
1 .410a .168 .091 5.005 
a. Predictors: (Constant), Dominjured, VAS10Week1, IntravsExtraFractureLocation, 
LittleFingervsOtherFinger 
 
ANOVAa 
Model Sum of 
Squares 
df Mean 
Square 
F Sig. 
1 
Regression 217.688 4 54.422 2.172 .088b 
Residual 1077.228 43 25.052   
Total 1294.917 47    
a. Dependent Variable: PRWHEWeek12Fx 
b. Predictors: (Constant), Dominjured, VAS10Week1, IntravsExtraFractureLocation, 
LittleFingervsOtherFinger 
 
Coefficientsa 
Model Unstandardised 
Coefficients 
Standardi
sed 
Coefficien
ts 
t Sig. 95.0% Confidence 
Interval for B 
B Std. 
Error 
Beta Lower 
Bound 
Upper 
Bound 
1 
(Constant) 4.313 1.709  2.524 .015 .867 7.759 
LittleFingervs
OtherFinger 
-.391 1.560 -.038 -.251 .803 -3.536 2.754 
IntravsExtraFr
actureLocation 
.665 1.484 .063 .448 .656 -2.328 3.658 
VAS10Week1 .871 .356 .349 2.448 .019 .153 1.589 
Dominjured -1.900 1.521 -.182 -1.249 .219 -4.968 1.169 
a. Dependent Variable: PRWHEWeek12Fx 
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SPSS analysis for outcome of interest: Total active range of motion at Week 12 
Model Summary 
Model R R Square Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .386a .149 .070 39.476 
a. Predictors: (Constant), Dominjured, VAS10Week1, 
IntravsExtraFractureLocation, LittleFingervsOtherFinger 
 
ANOVAa 
Model Sum of 
Squares 
df Mean 
Square 
F Sig. 
1 
Regression 11723.276 4 2930.819 1.881 .131b 
Residual 67007.703 43 1558.319 
  
Total 78730.979 47 
   
a. Dependent Variable: Week12TotalActiveROM 
b. Predictors: (Constant), Dominjured, VAS10Week1, IntravsExtraFractureLocation, 
LittleFingervsOtherFinger 
 
Coefficientsa 
Model Unstandardised 
Coefficients 
Stand
ardise
d 
Coeffic
ients 
t Sig. 95.0% 
Confidence 
Interval for B 
B Std. Error Beta Lower 
Bound 
Upper 
Bound 
1 
(Constant) 
226.331 13.478  16.79
3 
.00
0 
199.151 253.51
1 
LittleFingervs
OtherFinger 
15.820 12.301 .195 1.286 .20
5 
-8.987 40.627 
IntravsExtraFr
actureLocation 
-1.150 11.704 -.014 -.098 .92
2 
-24.754 22.454 
VAS10Week1 
-5.324 2.807 -.274 -
1.896 
.06
5 
-10.986 .337 
Dominjured 
-15.246 12.000 -.188 -
1.271 
.21
1 
-39.446 8.954 
a. Dependent Variable: Week12TotalActiveROM 
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SPSS analysis for outcome of interest: Grip strength at Week 12 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the 
Estimate 
1 .326a .106 .023 10.940 
a. Predictors: (Constant), Dominjured, VAS10Week1, 
IntravsExtraFractureLocation, LittleFingervsOtherFinger 
 
ANOVAa 
Model Sum of 
Squares 
df Mean Square F Sig. 
1 
Regression 
611.734 4 152.934 1.278 .294
b 
Residual 5146.078 43 119.676 
  
Total 5757.812 47 
   
a. Dependent Variable: Week12Gripstrengthbestscore 
b. Predictors: (Constant), Dominjured, VAS10Week1, 
IntravsExtraFractureLocation, LittleFingervsOtherFinger 
 
Coefficientsa 
Model Unstandardise
d Coefficients 
Standardise
d 
Coefficients 
t Sig. 95.0% 
Confidence 
Interval for B 
B Std. 
Error 
Beta Lower 
Bound 
Upper 
Bound 
1 
(Constant) 
36.745 3.73
5 
 
9.838 .000 29.213 44.27
7 
LittleFinger
vsOtherFin
ger 
-2.503 3.40
9 
-.114 -.734 .467 -9.378 4.372 
IntravsExtr
aFractureL
ocation 
3.771 3.24
4 
.168 1.163 .251 -2.770 10.31
3 
VAS10Wee
k1 
-1.208 .778 -.230 -1.552 .128 -2.777 .361 
Dominjured 
-2.852 3.32
5 
-.130 -.857 .396 -9.558 3.855 
a. Dependent Variable: Week12Gripstrengthbestscore 
 
  
  209 
SPSS analysis for outcome of interest: Active isolated PIP extension at Week 12 
Model Summary 
Model R R Square Adjusted R 
Square 
Std. Error of the 
Estimate 
1 .313a .098 .014 11.951 
a. Predictors: (Constant), Dominjured, VAS10Week1, 
IntravsExtraFractureLocation, LittleFingervsOtherFinger 
 
 
ANOVAa 
Model Sum of 
Squares 
df Mean 
Square 
F Sig. 
1 
Regression 665.813 4 166.453 1.165 .339b 
Residual 6141.166 43 142.818 
  
Total 6806.979 47 
   
a. Dependent Variable: Week12ActiveIsolatedPIPJE 
b. Predictors: (Constant), Dominjured, VAS10Week1, 
IntravsExtraFractureLocation, LittleFingervsOtherFinger 
 
 
Coefficientsa 
Model Unstandardi
sed 
Coefficients 
Standar
dised 
Coeffici
ents 
t Sig. 95.0% 
Confidence 
Interval for B 
B Std. 
Error 
Beta Lower 
Bound 
Upper 
Boun
d 
1 
(Constant) 
14.66
6 
4.08
0 
 
3.59
5 
.001 6.438 22.89
5 
LittleFingervsO
therFinger 
-6.560 3.72
4 
-.275 -
1.76
1 
.085 -14.069 .950 
IntravsExtraFra
ctureLocation 
.226 3.54
3 
.009 .064 .949 -6.920 7.372 
VAS10Week1 .591 .850 .103 .696 .490 -1.123 2.305 
Dominjured 
.057 3.63
3 
.002 .016 .987 -7.269 7.384 
a. Dependent Variable: Week12ActiveIsolatedPIPJE 
 
